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The nuclear dream; of generating potentially limitless 
quantities of reliable, clean, safe and cheap power from atomic 
fission, lies all but shattered in Indie. 

| The country's spectacularly ambitious nuclear power programme 
is in a mess. In fact, barring only two exceptions — a growing 
awareness of the awesome magnitude of the problem of cooking fuel 
for the poor. suc @ recognition of the need to reorient energy 
planning priorities towards renewable sources — the acute crisis 

of the officiai nuclear programme constitutes the most momentous 
eeanepaent of the last decade in India's energy sector. 

| The nuclear crisis is now too visible in all its numerous dimen- 
stone and ites naked ugliness for anyone to pretend 4% is a fransi- 
jery phenomenon or a peripheral aberration. Every single project 
undertaken by the government's department of Atomic Ener gy (DAE) 

has been a major environmental liability, an unmitigated technol ogi~ 
jal disaster, an expensive commercial debacle, or a big planning 

ind management fiasco, if not all four. Each of the targets set by 
the DAE has proved slippery. Each project schedule has been mauled 
jut of shape, every deadline has proved impossible to meet, and all 
judgeted costs have in practice spilled over and overrun uncontrol- 
ably. 

And, most important, the DAE has violated every single rule 
in the safety planner's and health physicist's book in exposing 
eople to major health hagards and the environment to serious 


amage and risks, both actual and potential. 


On every criterion set by the DAE itself, its performance has 
been a failure. All its objectives, whether “meeting the long term 
jpower needs of the country", or achieving "self-reliance", in nuclea) 
techniques, or using them "in agriculture, industry, medicine and 
ther areas", have persistently proved elusive. 

Nothing reveals this as clearly as the desperation with which 
the DAE is now trying to imports whole nuclear reactors, thus renegé 
ing on the goal of "self-reliance® —— only because it is extremely 
pniikely to be able to achieve the target of establishing 10,000 MW 
lor atomic power generating capacity by the year 2000 on its own. 

Nuclear power, which claims more than half the Science and 
echnblogy budget of the country and currently gussles more than 
8.550 crores a year, contributes just over three per cent to India's 
lectricity generation —- a level that is pitiably small not merely 
n itself but also in relation to the per cent share the DAE 
laims of the national investment plan for power generation. Nuclear 
ower is an economic disaster. 

What is worse, the Indian nuclear programme has, as will be 
argued later, proved a heavy liability, environmentally, socially 
and even politically. Its human costs; tn terms of excessive radia- 
tion exposure of hundreds of people, one high, @lthough essentially 
immeasurable. 

Evidently, something has serfously gone wrong right at the core 
bf the Indian nuclear power programme; the nuclear dreem is tur ning 
into a nightmare. 


The DAE, the Atomic Energy Commission (AEC - the policy- 


~~ 
making body of the government of India for nuclear energy) and its 
suporters of course deny this with a vehemence that is both charac- 
teristic and increasingly shrill. For them, the problems the nuclear 
programme has run into are both minor and temporary; they will be, 
as they are bound to be, overcome. But there can be little doubt 
that the proponents of nuclear power are now on the defensive. As 
they obsessively pursue the nuclear dream, and battle to pre serve 
it, it becomes increasingly clear that nuclear power is itself on 
the run. 

But how does one explain the curdling of the atomic plan? Was 
it necessary or inevitable, thanks to the nature of the technology 
itself? Or is it continget, deriving from the mishandling of the 

technology by India's scientborats? 

Is it possible to question the vision the many assumptions 
about technology, development and society, underlying the nuclear 
power really necessary? Ie there an alternative to it? 

Is it really safe? What environmental problems does it actually 
pose? Can anything be done to solve these and to improve its 
safety? 

Is nuclear anergy cheaper than electricity produced by burning 
coal or o117 If it is not today, is it likely to or certain to 
become cheaper in the near future? But can be done to improve its 
economic viability in India? Is the fast breeder reactor a genuine 
s0lution? 

Is it possible, as the advocates of nuclear power say, that 
nuclear ofitics are irrational, alarmist, unrealistic, defeatest 


and irresponsible at the same time? Is there any substance in the 
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environmentalist eritique of nucleer energy? 

Can the Indian atomic pewer programme be salvaged? What writ 
would be the cost of rejecting the nuclear option altogether? Is 
it at all likely thet, after an initial period of "teething 
troubles", nuclear power will prove viable, necessary and désira- 
ble as a safe, cheap and reliable form of energy? 

This chapter seek to pose end answer some cf these questions. 
Its point of departure is the fact thet these questions can be, 
and ingeed are being raised in the first place in the larger 
society. This in itself is a measure of the strength of the criti- 
cal element in the public attitude towards and growing awareness 
of nuclear energy end the problems it is fraught with. For first 
ten, perhaps five, years ago, these questions could not even have 
been posed, let alone answered, in this country. 

Admittedly, some of them cannot be answered with finality 
even today. But the answers to those that can be, and there sre 
many, a@lready furnish the basis for a serious, informed and eriti- 
cal diseussion of the subject. The limits to such a diseugssion, 
it is now clear, will not be set by a lack of critical orientation, 
itself deriving from a ready aceeptance of the sanctified states 
accorded to the nuclear programme by the state and the dominant 
interests and bedy of opinion associated with it. They are more 
likely to be determined by the quantity and quality of nuclear 
information, both controlled by those who have a vital stake in 
the programme and its expanded perpetuation. 


re 


II, The Theology Of The Atom 


On May 9, 1985, TheTimes of India oarried in ell its three 
editions a front-page report which showed that workers at the Tara- 
pur Atomic Power Station had been subjected to radiation exposures 
much in excess of the permissible levels. The report claimed that 
the Tarapur plant had broken "several world records" in radioactive 
pollution and exposed more than 300 men to doses exceeding the five- 
run (a unit of radietion, see box) limit. 

On May 12, Homi Sethna, then chairman of the AEC and principal 
secretary to the government of India in theDAE, called a press 
conference in Bombay in responce to the story. He did not deny the « 
substance of the report or the specific details of exposure mention 
in it; but claimed that the doses of gamme radiation received by 

TAPS workers were not "harmful". At the end of a grilling two-and- 
a~-helf hours long discussion, during which the DAE was on the defen- 
sive, Sethna conceded the demand advanced by some journalists that 
workers radiation exposure records should be opened to the press, 
provided "no damage suits are brought agéinet the DAE by the affec- 
ted workers on the basis of that evidence". 

This was a major concession and equally, an admission of guilt 
by the DAE, for the first time in public. More importantly, it 
brought into the open a part of what nuclear critics had long held 
to be the DAE'e culpable safety record. It also rendered visible 
significant eracks in the whole structure of ideas and attitudes 
that sustain the basic justification for the atomic power programme 


This complex structure is what might be, for went of a better 
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team, be called the theology of the atom. The theology is @ 

system of ideas, formulae end assumption strung together by e few 
but usually d facts, calculeted to "prove" the inevitable 
necessity, desirability and safety of nuclear power. It miintains 
that nothing is wrong with nuclear pover, for nothing can be. 
Failures, snags hitches and setbecks cen only be minor or transitory 
because the viability success end the supremacy of the technology 
is given in its very essence, its basic character. The theology 

ia the total juetification for nuclear power. Nuclear powercan pose 
no envirommetal problems without at the same time (or in advance ( 
solving them. The theology declares all problems solved. The atom 
is all pewerful. The atom is all. 

The theology goes right back to creation itself -- the birth 
of the first application of nuclear ageience in the form of the bomb 
that wes dropped on Hiroshima on August 9, 1945. Later that year, a 
group of experts met in the U S to wwe diseuss the possibility of 
generating power from “controlled nuclesr chain reaction units* 


as had termed atomic reactors. It was instantly deolared 


vieble. 

In ten than two years the concept had reached Indian shores 
through the agency of Homi d. Bhabhe. By 1948, years before the 
first uraniumburning commercial reactor had even been built eny- 
where, the idea had produced Indie's atomic Energy Commission. The 


Atom hud been declared to be the ultimete technology, the key to 


Indie's netion-building project and the basis for its scientific , 


economic, social and cultural development. 


The potential that atomic fission holds is indeed great, even 


“on 
awesome. The possibility of fiesion power lies in the circumstence 
thet beyond e certain limit heevy atoms are unstable and const natl; 
decay or transform themselves into different elements by releasing 
excess energy or particles such as neutrons, chargeless particles 
from their nuclear. Uranium is one such element. It exists in 
nature as &@ mixture of two isotopes (with identicel chemical pr oper 
ties) but with different atomic weights), U-238 (99.3 per cent) 
end U-235 (0.7 per cent). U-235 has a peculiar characteristic 
it is "xfisutexexf "fissile", When it is bombarded with slow 
neutrons (see box), its nuclear breaks apart into two or more piece 
to the accompaniment of the release of a few neutrons. These in 

turn cause other nuclear to break up.... releasing more energy ant 
thus a chain reaction can be set off to produce enormous qumti- 
ties of energy. Where lies the possibility for both the nual eer 
reactor and the bomb; the chain reaction is, theore@ically, control 
led in the first, but not in the latter. 

Thus, if only sufficient cuantiti%s of the right kind of 
uranium atoms can be procured and put together, huge quantities of 
energy can be generated, which can be tapped by] says water to 

produce steam which in turn drives a turbine to cenerate electri- 
city. Thin is the reactor~ It typically burns either enriched ura- 
nium (in which the proportion of U-235 has been raised to 2 to 3 pe 
cent from 0.7;) or even natural uranium provided, in the latter 
Jcalled "moderator" ) 
case, that the medium/in which the neutron-mnclear collision takes 
Dlace does not absorb too many neutrons while slowing them down. 


Graiphite and heavy water are just such moderators. To return to 
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Uranium, it is not an uncommon constituent of the earth's 
and hes an average abundance of 3.4 ppom.Erge, it should be possible 
to generate huge quantities of power by burning uranium in reactors. 
That fe particularly promising mont «li this is tmt the fission 
reaction generates products {such as plutonium-239) thet themselves 
fissile. If there en be recycled, are and if other "fertile" 
materiels can be made fissile and put back inte reactors, it should 
be possible to viédveti virtuelly unlimited quantities of power. 
A magnificent prospeet that, almost miraculeusly bountiful. 

But it is shot through with some violent contradictions, many 
untractable problems.. end most important, with radioactivity all 
the way. Coneider the nuclerr fuel cycle. It runs from the mining 
and milling of uranium its refining (end eout 9 per cent of the 
rorld's reactors, enrichement and fabricetion inte fuel, through 

the use of the latter in a reactor, the refvelling of the reactor 
core ané the removel of products of fission, to the seperetion and 
atorage of weete (both temporary and leng-term), reprocessing 


of spent fuel, decormmiseioning of muclear feeilities and their 


(helf-way back to) the re-use cf repreceseed fissile products in 
the rescetcor. | 
At eech stege of the so-called fuel cycle, radioactive material 
ie transported, or cowerted,refined, consumed, resected, reloceted, 
upon, concentratec, or evepereted or cooled or resheped. Bach 
single move, each distinet operation in the cycle, traneports or 
coneentretes or relocates radiocutivity. Hedioaetivity spreads 


by contaet and hae e tendency to spreac outwards from the not jonal 
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confines of the nuclear fuel cycle and into the environment and 
the biosphere. Radioactivity is a perverse analogue of the Midas 
touch. Like the fingers of King Midas in the myth, the touch of 
radioaetive materials spreads radioactivity. To put it simply, 
space cannot confine it not in the real world ef the fuel cycle. 
Only time can reduce it. But in the case of many materials, it 
takes tens of thousands of years before their radioactivity is 
reduced to half of its original level. ? 

Theat is not all. Typically, the closer one gets to fission and 
its products within the cycle, the higher the concentration of 
radioactivity in the nuclear equipment or materials, greater the 
risk, and the magnitude of the problem posed to technology, the 
higher the cost of hendling or doing any of these operations, and 
the greater the risk of environmental pollution through contact 
with radioactive substances. Also, one might add, the greater the 
temptation to compromise on environmental or human sacety in order 
to contain costs or ebridge complex operations. 

But the problem is by no means limited to the "hotter* BE K- 
rents of the fuel oyele. The interaction between the nuclear fuel 
cycle and the environment, leading to an adverse effect on the 
latter, starts right at the beginning, with the mining and milling 
of uranium. 

Internationall, uranium is mined as an ore usually containing 
over 0.1 per cent of U308, some 3.4 lakh tonnes of the ore are 


ectimated to be required to generate 1000 MW of power each year 
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in light water reactors of the Tarapur type. 
India's exploitable uranium deposits are located pr bmrily 
in the Singhbhum thrust belt of Bihar, and also in Rajasthan, 
M.P. Himachal, U.P., Ksrnataka and Meghalaya. But the bulk of 
the total indicated and inferred resources of 77,0000 tonnes of 
recoverable US508 are in low concentration grades (0.04 to 
0.66 per cent). Of these some 16,000 tonnes constitute immediate-— 
ly exploitatble resources. (Another 10,000 tonnes could be 
recovered from the monasite deposits of Kerala, apart from some 
14,000 tonnes as a by-product from copper taayemgy tailings). 
The most significant radiological hagard in uranium mining 
is represented by radon and its daughters (decay products). 
Following inhslation of radon g2s end ite daughter products in 
uranium mines, the alphe-particle e | daughters irradiate 
the tissues and cells cf the lung end respiretory tract. This is 
knicwn to increere the inStedence of cancer emong the miners. Some 
smcking miners, in the U.S. heve shown an incidence of lung cancer 
up to ten times higher than thet among non-smoking vranium miners. 
At & independent recent study (Ma Thomas McNeill), commissioned 
by Gunada's atomic Energy Control Baird, of uranium mining in a 
Humser of different environments, shows that Lor-level radiation 
from verious sources, ineludes radon, combines, with smoking, dust 
exposure and age to inerease the chances of lung and other cancers 
sler ply. Age meny as 16 out of every 100 miners have a high probabi- 
lity of dying from oaneer if they smoke -- this in svite of some 
minimel preceutions thet the mine safety rules dictate in the 


Countries eurveyed. 
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in the uranium mines of Jaduguda, in Bihar, no such rules ap- 
ly. Most do not even exist.This, the low concentration of the ore, |! 
the generally poor heelth of the miners, the low nutriotional | 
standards prevalent in the backward region that Jadugude is, ane | 
the fact that some of the uranium mines are known to have signifi- 
cant levels of gamma tadiation, all suggest that the harm caused 
dy uranium mining to DAE personnel is likely to be much greater. 
The eubject rewains to be in restigated a greater length, but such 
evidence ag there is points to that conclusion. The DAE's safety 
practices in uranium mining and milling are certainly open to que 
tion. 
For instance, it is known thet noy even , quarter of all 
DAE uranium miners in Bihar and M.P. pear dosimeter badges 
(to measure the radioactivity dose absorbed over a period of time) | 
ang thet met of them have never heard, of or seen, protection | 
or shielding equipment. 7 | 
This ecquires particular importence in view of the fact that | 
the DAE has been doing a good deal of exploratory and Gé ve Lo pment— 
el drilling in various parts of the country -—- approximetely | 
50,000 metres a year of the powsr former, with some deep-—crilling 
in Madhya Pradesh and Himachal. Most of this work is done by 
contract workers who are not even warned of the possible risk from 
radon, radium and other toxims. 
The reflect on the environment of uranium mk&AxxXBnE mining 
ano milling itn Bihar is far from inconsiderable. In the Jadugudce 


uranium mill, the ore is processeé mechanically anc chemically 
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(aid leaching} to extract the bulk of the uranium content to yield 
an unique concentrate of oxides called yelloweoake. The mill tailing: 
are dumped into a 25 hectare pond (A 1000 MW ocapecity nuclear 
programme annually produces about 3/4 lakh tonnes of tailings). 
The tailings are and the fluid is ohannellised into a 
nearby nullah. To this is also added the digseharge from the mine. 
The mine water is found to contain 300 mg. /m” of uranium 
1110 Bequeral/m of radium and 3 grens/m> of maganese. 

The effluent 50 metres downstream from the tailings pile 
contains radium, manganese and sulphate above the derived water 
concentration. Bythe stage, the effluents reach Subarnarekha river, 
the chloride concentration in the aquatic system has risen by 140 
per cent to 9.1 mg/litre and the uranium and radium concentration 
have both increased, the former by 22 times to 3.2 mg/m. To this 
are added tailings from a nearby copper plant. | 

Even <«t sites 10 km. awsy from the plant, gress anc milk 

ample show the presence of radium which has gone into the acquée- 
tic system. 

The slurry collected in the tailings ponds has occasionally 
flowed into the nullah, thus componding the problem. According to 

DAE heclth physicists stationed at Jadu guda, all these recorded 
levesl fo concentration are below the permissible limits. ‘his 
may well be the case, but the occassional discharge of the tailing 
Slurry from the pond, direetly into the acquatic system shows how 
precariously talanccd the entire effluent treatment and dis charge 
system is. The validity of the standards of the so-called permissi- 


ble limits is far from settled. For the most part, the standards 


. 
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e based (see P. ) on arbitrary pressumptions fsvourable te 
he nuclear industry. It is industry itself which hes set then. 


This raises a more general issue that has often figured in th 
assumption made by nuclear enthusiasts about the "sefe" nature of 
atural or background radiation, such as in present in mines er 
deposits containing uranium. In publication after publication of 
the nuclear pewer establishment @ll over the world, the assor tion 
is repested that "there is no direct evidence of radiation — indu- 
eed genetic defects in man" and that natural background radiation, 
(globally about 100 millirem a year), is not known to be harmful 
mn any way, even where it is higher than the global average value. 

There is however fairly persuasive evidence to show that high 
atural background radiation is correlated with genetic damage and 
encer. (Nete) | | 

The Kochu Pillai study observed some radiation relsted 
genetic changes in coastal Kerala the location of monasite sands, 
where the beeckground radiation is 1.5 to 3 rune per &nnuzs — much 
less than the leves] considered al together safe and scceptable 
y the nuclear esteblishment. 

But thet returns us to the theme of the atomic theology. It 
ordeins that the definition of safety dees not disturb the nuclear 


dreem,. 


‘Ty. Low L Rediation: High De 


Overexposure of occupational workers to radiation doges in 
excess of the declared permissible limits (fortnightly, quarterly, 
annual and lifetime) is by no means e@ rare occurrence in the nuclea; 
industry. In every country with a sizeable nuclear programme, over 
exposure has been recorded time and again. In India's DAE, it is 
ga hardy routine. But DAE officials deny thet it is of any consequen- 
ce so far as to workers’ health is concerned. The denial is part of 
the nuclear dogma which holds that there is such a thing as safe 
level of exposure to ionising radiation. The nuclear industry 
proceeds, as has always proceeded on the assumption that so long as 
@ person does not exceed this level, the threshold, no harm will 
result from exposure or that the damege will be repaired as fast as 
it is produced. Thus if a worker absorbs the permissible level of 
5 runs a year, no adverse effects will cour: "Ho harmful effects 
can be detected at this level. This theory, recently modified a 
Flittle to allow for "stochastic" effects, (those for which the 
probability of an effect occurring, rather than its severity, is 
regarded as a fraction of the dose ) ie the substructure upon which 

the nuclear industry's etandards for radiological protection rest. 
It is part of its article of faith that such levels of radiation 
exposure as do (and must) exist in most nuclear plants are harmless. 
‘They can do no damage. The DAE's casually callous attitude even to 
Cases of exposure exceeding its own norms erises from this faith. 
Par most nuclear scientists and engineers tend to believe, as part 


of the atomic theology that radiation is fundamentally harmless 


— 

(except in very high, semi-fatal doses exceeding 50 or 100 rune), 
just es it is a fact of life. This it is that the “maximum pe rmis— 
sible limits" are in practice flexible, and can be stretched om the 
exigencies of nuclear plant operations. In reality, however, ioni- 
sing radiation is among the worst of poisons and dn invisible 
hazard everywhere in the nuclear industry. It has both somatic and 
genetic effecte on human beings, that is it produces cancer and 
irreversible genetic deformities. And, most important, there is an 
everwhelming account of evidence to prove that there is no safe 
level of radiation exposure et 211. Ko dose of radiation is so 
low that the risk of cancer is zero. Rediation in all doses is 
harmful. 

To quote Karl Z. Morgan, ea founder of the science of health 
physics and former chairman of the International Commission on 
Radiological Protection and the U.S. National Council on Radiolo- 
gical Protection, "there is never a complete repair of the radie~ 


tion damage, since ever at very low exposure levele, there are 


many thousands of interactions of the radiation with cells of the 
human body." 

For exemple, one raf (roughly one run) of X-rays corresponds 
to 2.2 billion plutone per square centimetre scting on the body. 
"It is inconceivable that all the billions of irradiated and 
| Gamaged cells would be repaired completely or replaced." When radie 
ation passes through the human body, it ie liable to damage the 
nucleus of a cell (which is a library of information), in such sa 
way thet the cell survives and multiplies in its distorted form 


over a period of five to 70 years, zenerating a clone of cells 
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thet is eventualy diagnosed as a malignancy (cancer). 

fhe risk of developing in malignancy varies from person to 

person, and differs with the type of cancer, age, sex, genetic 
inheritance, individual characteristics and eating and emoking 
habits. Thus Irvin D.J. Bross has shown that children with aller- 
gic diseases (e.g. asthma) have 500 to 400 per cent increased 
risk of dying of leukaemia than other children, those who received 
dn utero G@iegnostic X-ray expsoure have a 40 to 50 per cent incre- 
ased risk of death from leuksemia;But these with both (X-ray 
exposure and allergic @isease) have a 5,000 per cent risk of dying 
leukeemie. 

Typically, radiation combines synergistically with other face 
tors to wreak havoc en human health. This is as true of Low-level 
doses 2s eny other. The moet substantial evidence of the earcino- 
genelity of low-level radiation comes from three studies. The 
first of there is the largest p epidemiological study of radiation 
workers, at the U.S. government's plutonium production plant at 
Hanford (Washington, made by Thomas Ma » Alice Stewart and 
G. Kueale. 

The beckground to the ctudy itself reveals a great deal. 

In 1974 Tr. Samuel Milhem, & physician end epidemiologist 
working for Washington State discovered excess cancer mortality 
for men who worked ct the Atomic Energy Commission Hanford facilit) 
in Richland, Washington. He noted an excess for cancers of the 
tongue, mouth end pharynx, colon, panereas, lung and bone. He 


hed analysed 842 death certificates of Hanford Project Employees 


and discovered a 25% cancer excess in the years 1950-1973 in men 


bi ote wd hx oe! 


7 a : 


Pet, CS eee 


ne 
: i ' mi) 
ae ke « 
et cae ee ee ee eres re Ug: 7 
ae. if ae Jai ey f wae 2: a iN 
“ , bi ate » 5 
eee eee 15 
; j : a Si Soe 
: ‘. ve ‘ 4 : ite, & ‘oe 


7 ey an 


aged 20 to 64 at death. 

The Atomic Energy Commission (AEC) rushed forwgrd, but not to 
take steps to preteet the workers, The AEC instead urged Dr. Mil- 
ham not to publish his findings. They asked him to defer to the 
work of Dr. Mancuso, who had been organising data on the Hanferd 
workers under contract be the AEC since 1964. While they were 
uccessful in dissuading Dr. Milham from immediate publication, the y 
did not succeed in their efforts to have Mancuse formally refute 
Milham‘’s findings.Dr. Mancuso traced worker deaths through their 
social security numbers. When families of the former Hanford wrkers 
applied for death benefits, Dr. Bancuso would trace the cause of 
death through the death certificates. Dr. Mancuse could match 
informetion about the cause of deathwith the worker's radiation ex- 
posure history. (American workers ere measured for their exposures 
to radiation, unlike the atomic bomb survivors, whose expesures 
were merely entimated. ) 

Dr. Manoueo told AEC representatives that he would not sign 
& prese release diecounting Milham's findings, since Milhem might be 
‘correot. Although Nencuse had not unoovered any cancer patterns 
at that point, he realized that the social seeurity method allowed 
considerable time to elapse before the deaths could be inoorperated 
into the study data. Milham saw the evidence earlier than Maneueso, 
£0 his findings could be correct. When Mencuse refused to eooperate 
with the AEC effort to diseredit Milham's findings, theARC initiated 
the termination of funding for Mancuse's research. 


Despite the termination of funds in 1976 and governmental 
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efforts to confiscate Mancuso'sdata base, the Hanford study was 
continued through private funding while Congressional hearings 
revealed the government's attempt to cover-up the findings of 
cancer increases at low levels of exposure. 

Even the researcher hired by AEC's successor agency, the Ener. 
&y Research and Development Administration (FRDA), Ethel Gilbert 
of Battelle Northwest, had to admit there was excess cancer at 
Hanford. This report was suppressed. Dr. Mancuso's data has been 

circulated by the Department of Energy to several critics, and 
t hey too have found excess cancer. 

The study clearly reveals that the Goubting dose for multiple 
nycloma, a narrow cancer, is only 4 rems -—— i.e. the incidence of 
the disease doubled with a oumulstive dose lower then the current]; 
specified ennual exposure limit. The doubling dose for sensitive 
cancers for (lung, pancreas, large intestine) a man of 40 was 
14 to 15 rems. The commonest interval between induction and death 
Was 25 years. The cancer risk increased progressively with adult 
2ge. Six per cent of all deathe among the 35,000 workers surveyed 
were attributable to radiation. 

in another study, a preliminary work by Najarian and Cotton 
found that workers at the Portsmouth Keval Shipyard (which handleé 
nuclear materials) showed a 450 per cent higher death rate for 
leukaemia than the general population. The esneer incidence was 
especially high among older workers.The study showed time as may 
lung cancers as expected -- with one rem or higher exposures. 


According to Carl Johnson of the Jefferson Sounty Health 
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Department in Lakewood, Calorado, a large area of land and Jef- 
ferson County has been contaminated with radioactive plutonium, 
which was released from the Rocky Flats Nuclear Weapons Plant. The 
contaminated region, which is near Denver is highly populated. 
Almost 150,000 people live within 10 miles downwind of the Rocky 


Flats plant. 
Some of the release was the result of emissions of permissible 


quantities of ys plutonium, but most of it occurred as a result 

: of a fire at the plant in 1957 and because of leakage from barrels 
of contaminated oil stored by the plant. Johnson says the plutonium 
concentrations in some parts of Jefferson Country are more than 
5000 times higher than the background plutonium concentrations 
produced by nuclear fallout. Some plutonium isotopes sre extremely 
long-lived; plutonium-239,#for example, has a half-life of 24,000 
years. 

Zohnson now finds higher incidences of cancer among people 


living in the contaminated areas. He obtained his cancer incidence 


data from the Third National Cancer Survey conducted between 1969 
and 1971 under the agis of NCI. Johnson says there appears to be a 
direct association between the plutonium concentrations in the soil 
and the increased risk of cancer. The increases in cancer inciden- 
ces ranged from 6 per cent in the areas with the least contamina 
tion of 16 per cent in the area with the most contamination. Among 
the cancers showing increases were leukemia, lung cancer and ocan- 
cer of the nasal passages and larynx. Johnson thinks that inhale- 


tion and ingestion of plutonium in dust are the most likely routes 


o Va 
by which the material enters the body. Jefferson County is a dusty, 
arid region having only about & inches of rainfall per year. 

Johnson points out that the plutonium concentrations in most 
of the contamineted regions are still only about one-—hundredth of 
the maximum permissible concentration proposed by theEnvironmntal 
Protection Agency for limiting plutonium, contamination in residen- 
tial areas. Johnson has written EPA administrator Douglas M. Costle 
to request a public hearing on the adequacy of the proposed stand 
ard. The EPA hee declined this request on the basis of its having 
held a public meeting on the issue last year in Colorado. 

Two studies have now implicated radioactive fallout as a cause 
of .n increased risk of cancer, primarily leukemia, One study 
was carried out by investigators at the Center for Disease Control 
in Atlanta. It includes more than 3100 men who participated in 
1957 in a nuclear weapons test code-named “Smoky". Most of the 
men at the Smoky test were exposed to lees than 5 rads of external 
radiation, according to the exposures monitored by their film 
badges. : 

Analysis of the data is not yet complete but so far eight 
cases of leukemia have been found. Fewer than four would be expec- 
ted in a group of men of that size andage range. Glyn Caldwell of 
the CDC, who is in charge of the study, considers this finding to 
be suspicious, but he cannot be sure about ite significance until 
8ll the data are analysed. 

The second study includes children living in Utah who 8 were 


exposed to the nuclear fallout from weapons tests conducted in the 
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Nevada desert between 1951 and 1958. Joseph Lyon and his colleagues | 
at the University of Utah College of Medicine compared the leukemia 
death rates in the parts of Utah that received high fallout doses 
ith the rates in areas of the state subjected to little fallout. 
The rate did not chenge in the low fallout regions between 1944 
and 1975 but it more than doubled in the high-fall-out areas between 
1959 and 1967. Afterthat it declined to about the same value it 
had been before the weapons tests began. The findings imply that 
the radioactive fallout caused a temporary rise in leukemia deaths 
in the high-fallout countries of Utah. 
Some other studies have shomthat the nceuiiiin teine for leuke: 


mia can be as low as 0.6 rem end for thyroid cancer (resulting from 
x-ray therapy of the scalp for ring worm!) only 6.5 rem. 

This 0.8 rem is only about a fiftieth of the 42 rem permitted by 
ICRP each year to the active bone pamm narrow of radiation workers. 

And the 6.5 rem is less than a geventh of the “safe" dose permitted 
or thyroid! 

Basing himself on a 1980 study (Bidogical Effects of Yonising 
Radiation committee, B EIR III of the National Academy of Science), 
oo Radford has argued that cancer a two rem per year dose 
increases the life-time risk of cancer by 8 to 11 per cent among 
men and 18 to 36 per cent among women. 

Individual workers exposed to 5 rem a year from 18 to 30 years 
ren ® 1 to 16 chance of a serious genetic risk. And cancer can be 
observed at doses as low as 2.5 rems a year. 


To take yet another indicator, if a million children are 
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ed to a none rem dose in utero, some 300 to 6000 malignancies 
likely to result. 
The examples can be miltiplied. It is plain that the weight of 
this evidence -- and more and more is pouring in every year -- is 
rwhelming. It is impossible not to be pursuaded that low level 
sing radiation is harmful and that cancer incidence is bound to 
e significantly, if not sharply, even at the so-called maximum per- 
sible dose limits. 

All the accumulated evidence leads to the conservative estimate 
t one rem of ionising radiation means a risk of 6 x 10* cancers, 
t is, a total of 10,000 man-rems of exposure can be expected to 


uce six cancers, 


Partly under the weight of the evidence of hazards from low-level 
iation, the U.S. Environmental Protection Agency (BPA) has reduced 
ommended exposures for people living near nuclear facilities to 

5 rem (25 millirem) a year from 0.5 rem (500 millirem) less than 
years earlier. And the U.S. Energy Research & Development Admini- 
tion has recommended an even lower limit for the public at 0.005 
(5 millirem) a year. 

The nuclear diehards, however, are neither willing nor able to 
ept this evidence, They continue to raise feeble objections, metho- 
o3ical questions and bizarre queries -- much like the Church did a 
time ago when confronted with evolution. Their only voint of 


erence and sole source of sustenance, beside the theolosy of the 


m, 18 a highly unsatisfactory study of morté@lity among the survivors 
the atomic bomb in Japan. 


9 (a) 
Atomic bomb survivors were exposed to high levels of radiation 
r a short period of time. The combined factors of blast, fire, 


alia, disease, and deprivation of food and shelter contributed 


, the highly mortality rate after the bombing of Hiroshima amd 


.gasaki. Those who managed to survive were not member of an average 


. typical population, but 


Tongest anc fittest frou among the cities’ ocoupants. Unlike 


the atomic bomb survivors suffered high 
@ destructive doses with resultant damage to organs —— most 


U.S. radiation workers, 


iy the bone marrow. Atomic bomba survivors 


do not represent an 
age or normal population, so conclusions drawn eadout them will 
Gequately protect an average population . 

The Life Span of Japanese atomic bomb survivors used early 

ats to Hiroshima and Nagasaki who were exposed to low level 

tion from fall-out and residual radiation as the emtrol group, 
nd of a group not exposed to additional radiation. Dr. Rotblat 

@ much higher cancer incidence among early entrants thm 

the survivors who had weathered the shock of the bomb as yell 

} other traumas. The high doses of radiation may have killed 
that would otherwise have been sufficiently damaged that they 
later cause cancers. This cell killing effect coupled with the 
Of those with weaker immune systems may account for the 

¥ cancer rate among the group exposed to the lower level of 
ion. The effects of a high dose of radiation over af short 

eriod probably do not predict the effects of lew doses over 
period of time, since different bodily d@fense mechanions BA 
obably at work. 

here can thus be little doubt that the Japanese data greatly 
stimate the risk of radiation indueed cancer and gentie 

, The other, weak, supplementary evidence the nuclear dichards ‘ 
ly greatly flawed by inadequate follow up periods of human 


}, forced extrapolation from data of overkills at high doses, 


m animals tc homan beings, or from disease-free inbred 
8 to those in their natural state. Most such studies also 
to take into account the heterogeneity of human population 
he crucial difference between old and young people, in drawing 
'» but inadequately supported, conclusions from ecanty date. 
Mstance, the natural resistance offered to radiation by an 
rfed worker from a developing country, who weighs just 50 kg., 
be much lower than that put up by a white American weighing 
« Equally, older people have a higher proportion of eabnormnl 
in their body than do the young. 
n sum, the little hard data (arch of whose representative 
cter is open to question) on which the nuclear advocates 
their assertions of safety, is fatally flawed. So are their 
usions, although it must be granted that not all of thore 
exrived from the data; some are a direct consequence of the 
OY 
fhe sheer s of the nuclear lebby and its seient ifie 
gists, included those in the ICRA, is however far fror uncha- 
fistic. Nevertheless, in spite of the stiff resistance put up 
» lobby, the maximum permissible level a glean for occupa | 
yorkers has dropped by a factor of 10 and/for the public by 
jor of 300. Thies is a tacit, reluctant and belated recognition 
» strength of the nuclear epponentes' caee. 7 
[t however raises another problem: that of egnity. It is 
| anomalous that the recommended expesure standards for the 


|} and the ocoupationel workers should differcby a factor es 


= 
ap 10 or (in the U.S.) even 200. It is patently sbsur4 to 

that a radiation worker is 200 times legs susceptible to 
ation damage than other member of the population. It is, on the 
Rand, an acknowledged principle of lew aut thet ne one should 
r deprivation, dissdvantage or disability purely on aec cunt 
partioular choice of employment or occuration as a nuclear 
Be 
the only mational thing to do would be to reduce the workerg* 
are limits by a factor of ten or more. Fer eontinuing resesrch 
kely to show the need for even further reduetione. 
But the ICRP, and with it the DAE hes done just the pasa 
ite. In its publication (26), ICRP has cought 15 reverse this 
. ; 
In @ document that purports to merely standardize fermulas for 
sing risks to organs from internal radiation exposure, th 
recommends changes that would increase radiation expesure to 
jive organs in situations where radionuclides are deposited | 
} Organ alone. For example, use of the ICRP recommendations 
inerease radiation expesure to the lunge from iS rem under 
irrent standard to 42 rems. They would increase breast exposure 
5 rem to 32 rem, and red marrow from 5 rem to 42x82 42 rem. 
©xposure would rise from 5 to 20 rem. Bone and thyroid expo- 
Ould escalete from 39 rem to 167 rea: 
his recommendation ean only be described asappailing. At 
here is the validity of the 22 year old 5 rem limit for 
body exposure. In 1959, when this limit was adopted, the 
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ing data consisted or studies on animals, fruit flies and 
vidence on atomic-bomb survivors. The DAE's primary justi- 
m for upholding the 5 rem limit in 1981 appears to be 
| from the high dose human studies -—- most notably the at anic 
rvivor studies. 
| it disgraceful that the DAE and ICRP should continue to 
eir exposure limits on questionable and obsolete studies 
ta on radiation workers shows that fatal cancer risks among 
e 10 to 30 times greater. But it is not altogether surpris- 
r it is both expeditions from the point of view of the 
| programme and in full conformity with the dogma. At the 
me it reveals a perversity in the logic and method followed 
nuclear industry: the exposure norms are neither set on any 
fic basis nor rigorously determined prior to the routine 
ular expesure of a growing number of workers. What is at 
re is the idea that the standards can somehow be founded 
out or verified later, some time in the future, meanwhile 
must go on, for nuclear power is all important. It justi- 
e search for export facto justifications for arbitrarily 


ms or, in the absence of these, & mere assertion of dogma. 
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The Man-rem costs of Tarapur Power. 


Tarapur is without a doubt India's Best verforming nuclear 
er station. It generates power at less than half the cost of 
lear electricity produced at the other two (or one-and-a~half ) 
mic power stations in the countrys Rajasthan (RAPS) and Madras 
PS, at Kalpakkam, near Madras, where the first unit with a 
se capacity of 235 MW was commissioned in the Second half of 19 
5). It does generate power more or less regularly (albeit with 
apacity utilisation of about 40 per cent), unlike RAPS, which 
3 go somewhat rarely end MAPS which is still to be stabilised 
therefore remain something of an unknown. Zarapur was comple- 
more or less in time -- the delay was only 8 months on a 
idule of 52 months ~~ unlike the other two stations: RAPS-~I 
delayed by four years, RAPS-II by eight years and MAPS-I by 
it ten years (MAPS~II has already stretched the schedule by 
it years and lies beyond the realm of rational comment or 
jietion. 

Tarapur is, also without a doubt, the world's worst perform- 
nuclear station. It remains the most polluted atomio power | 
% in the world, at least going by such data as is available. 
1 all the other reactors of similar design and vintage closed 
» it generated between 25 and 45 per cent less power (per unit 
Snerating capacity) than them. Its costs kilowatt for kilo- 
were the highest within this tribe, anc five times higher 
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Zhose of the plant a Oyster Creek, in the U.S. designed and 


eted in the year. Tarapur has also had the distinction of 
ging the smallest and hence the most expensive per unit of capa- 
ity set of reactors built for a supplied to arny Third World 
opuntry by the U.S. It remains one of the most grossly under desi- 
aed and poorly engineered reactors traded anywhere. And the toll 
t extracts from its workers, measured in total man-rems, ia the 
[ghest known anywhere in the world in relation both to its 
Altage and energy generation. 

Tarapur is thus both an asset and a liability depending on 
whose point of view, one looks at it and the preoise criterion 
ised. For the DAE, Tarapur is a demonstrable example of the via- 
Llity of nuclear power of the fact that atomic fission can and be 
own to generate eleotricity on a sustained basis -—- never mind 
mwxupaxx the cost. For the U.S. government it is lever with which 
mtinually to keep India under pressure to sign the non-prolifer- 
ion treaty and egree not to reprocess the spent fuel from the 
motor. For the plant's enginers Tarapur is a perennial and often 
‘tractable web of technical problems. For its workers it is an un- 
ding purgatory of radiation. For the government of India, Tara-— 
ir ie a Giffiocult choice, a diplomatic dilemma, a balance ing act 
‘tween nuclear independence and "cooperation", between the compul- 
‘ons of the nuclear dream and the realities of power generation, 
‘tween prestige and pragmatism. For ordinary people who must bear 
e most of all such choices, Tarapur is an unmixed liability. 


4, it must be added, to the nuclear industry of western Europe, 


yy ae 
starved of and now desparate for orders, Tarapur is a boon: 
ding to a we] l-—documenteéd report (note). a German companies 

@ only too eager to hawk sub-systems of the serapped Gun drom 

agem resctor, also of Tarapur's lineage to the DAE as much need 

and publicised spares; the French are equally keen on exploring 

lear export possibilities. (Evidently what is patently unsafe 

| dangerous in Europe ~— KRB Gundremmingen was crapped ia 1980 

fety reasons — is perfectly safe, necessary and “state-of-the- 

* for India). 7 

he Tarapur Atomic Power Station, designed and built by Gene- 
, Electric subsidiary, represented a momentous development both 
India and internationally. The two boiling water reactors (each 
h am originally rated capacity of 190 MW, since wixaxss arti- 
tally uprated by the DAE to 210 MW) were part of a deal signed 
1963 by Homi Bhabha with the U.S. government and framed financed 
U.S. AID. The technology was part of what has been termed as 
“Bandwagon Market" for nuclear reactors in the U.S. in the . 
ly and mid-sixties, just after the Oyster Creek reactor agree- 
$ was signed between the New Zersey Light & Power Co. and Genera) 
tric, and atomic power was proclaimed to have arrived. 

The Tarapur deal was also the first surrender bythe nuclear 
iblishment of India to internationally dominant interests or 
ere in the field. This capitulation, significant as negation 
he idea of self-reliance and independence that the Indian atom 
mergy programme had apparently been founded upon, came on top 
_mumber of “tactical” retreats (See p- below) It represented 
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echnology choice that would not only inaugurate but also per petu- 


dependece on the U.S. (or a substitute supplier who would impose 


ar, if not more onerous, conditions) for the supply of enriched 
ium fuel. 

By accepting Tarapur as a turn-key job executed dy general 
tion and its contractor, Bechtel, the DAE had missed the opp or— 
ity of acquiring familiarity with the taeks of designing, 
trical engineering, construction, testing and commissioning of 
r reactor. This was to leave a vital gap in the DAE's ability 
cope with the problems that began to flood TAPS, very soon 
jer it commenced commercial power generation in October 1969. 

The first of its problems, the switchyard, delayed TAPS' oper a- 
m on base-joad, i.e. a capacity factor of 80 per cent or above 
the minimal "design level" -—- by more than a year. When it did 
Ch the level, in December 1970, it lasted for precisely four 
ths.Shat was also the last occasion it operated at the rated 
#1 for any stretch of time. But April 1971 one of the two reac- 
B gone Kaput.The other was operated far beyond the named sche du- 
for the first rem and developed serious trouble. On inspeo tion 
fusixfaxkinxss both reactors showed extraordinarily high rates 
fuel failure. What happens when a fuel candle fails? The cladding 
the fuel, made of sircalloy, gives way or develolps leaks, thus 
ling out the highly radioactive fissile "meat" into the coolant 
i@. Hot only does it oreate problematic hot regions within the 
tor; the highly active material also spreads into at the coola- 


Mrouits with their tubing and values and to steam generators, 


ms 


gers and turbines -- the entire power station is quickly 
aminated. Contact with the radioactive substances which form 
erud" or deposit in vessels and pipes, renders the latter 
oactive produces new radioisotopes and undermines the inte gri- 
high temperature, high pressure equipment. 

Puel failure rates heve been nas high as 20 or even 35 per 

at TAPS +- the "design level" being well under ten per cent. 
major cause of fuel feilure is unstatisfactory fuel geometry 
Teactor physics calculations. These constitute fundamental 
feots in the reactor. 

Puel failure is a serious, but by no means the sole or even 
most important, problem at TAPS.The station literally bristles 
| problems: steam generater tube leaks, recirculation pump 
ures, control valve leaks, glands and valves malfunctioning, 
ure of control rod drives, needed to regulate and shut down 
Feactor, numerous cracks in system piping, extensive corros- 
leaking condenser tubes, and low vacuum in condenser, large — 
# in primery to secondary water line, inter—lie valve glands, 
ore high flux, feedwater pump failures, and very important, n¢/ 
rous failures of the electronic monitoring andcontrol systems. 
instrumentation. One of the most intractable but chronic pro- 
S, generic to boiling water reactors such as TAPS, is what is 
ea "intergranular stress corrosion cracking". Dogers of 
m pipes, elbow joints, valves and welds are affected by this 
iy. Leaks, with potentially dangerous consequences, are inevi- 


» in TAPS. Both the Tarapur reactors heave for long been 


ene 
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cv ‘wo-waved" to the power level sf about 150-160 MW thank: 
fous design defects and operational problems, as well as extrs 
ily high levels of radioactivity in the station. This de-rat- 
been the real reason for the Low power and energy output of 
for the fast four years or longer.The DAE's explanation for 
tput -- the need to “coneerve fuel and stretch the fuel cy- 
— appears to have more to do with propaganda and its attempt 

¢ enriched vranium supplies from the West, than with the reali- 
more details, see “Operating Experience With Huclear Pover 
ons in member States", IAEA various years, Dhivendra Sharm, 
a's Nuclear Estate" Ch.3, TAPS "Performance Report" various 
}K.P.Rao & K. Nanjundeswar & "Probleme Associated with R. 

nes at-} farapur, Fi 7 TAPS/Report/1059. The list of Tarapur's 
ems is tiresowely long. In a word, everything that could go 

g her really gone wrong. Within a few yeays of operation, the 
om had been so badly contaminated with radioactivity, that no 
is was possible to the internals and even the casing of the tur- 
— the last stage of the power generation system. Everything 
the alundry (which washes the contaminated clothing that 
ntrants into the reactor building must deposit), through the 

ar steam generation system to the non-nuclear electrical equip- 
has been touched by radioactivity. In some cases even rasiation 
Ors and counters are contaminated. This has made maintenance m< 
Peration of the station extremely difficult as well as expens- 
- TAPS engineers heve for long been at the end of their leather 
trying to cope with the numerous problems thet arise from 
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deficiencies and equipment infirmities as well as procedural 
failures, The "Technical Specifications" handbook/rannual 
by GE. as part of the turnkey contract had within a four 
of start-up proved grossly inadequate in tackling most of the 
problems. 


The result was a spate of "unusual occurrences" (Nuclear Nus~ 


for fairly serious failures, exergencies and accidents), There 
many as 38 of these in the first five years of commencement 
mercial power generation. By 1980, their number had reached 
tounding 3+, Contrary to what has often been propagated by 
authorities, the bulk of these “occurrences” have not been on 
at of external causes or procedural/human failures, AS many as 
rm per cent were due to “equipment or design deficiency", 
Of these, as many as 128, or more than half, arose in the 
wea, i.e. the nuclear system, not the non-nuclear ("conventional” 
peak) system of the station, This settles the validity of the 
repeatedly made by the nuclear industry that most of its opera- 
Yoblems are due to malfunctioning of the "conventienal systems" 
vernal factors such as grid failures, 
Currently an average of a little over five such “unusual occu- 
a" take place every month at Tarapur. Here is an instance from 
if what an unusual occurrence in unit I is: "Cracks on S5-30+, 
le Emergency condenser steam line and 6" dia, Reactor recircue 
| bypass line were observed due to intergranular stress corrosion 
mg (IOSCC) and repaired. Repair of the reactor recire. bypass 
gak involved use of freeze plug technique for isolation,” (IAEA 
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rience, 1980, P.24%). The report concluded: "Perfor- 


e unit was satisfactory." 


had bappened was that defactive weld joints on ‘he reactor 


Loop bypass iins showed up after most of the refuelling 


+ I was completed in mideFebruary 1980. This led to the 
of the outage by another two months to repair the welc joints 
the "freeze plug tech- 


4t was decided to carry out by using 
line, The TAPS 


4solation of the relevant portions of the 


chose this method rather than the normal one of ‘wniloading 
p reactor core, apparently because the spent fuel pool in 


core. would temporarily be stored had no room for ite 

tly reliable report, "es routine hydraulic 
Tarapur nuclear reactor 
jor crisis. A 


a theoretical possibility -- the horrors 
i ' 


reactor halls, 


quote an apparen 
» the primary coolant tube of the 


me first week of March soon precipitated a ma 


tdown was not just 
nree Mile Island crisis loomed largé in the 
images of the "China Syndrome", A small 
An immediate 
weld in a 


only by the vivid 
4n hole 3) was detected to the ecolant tube. 


was to remove th 


e of pipe. 

» do this, however, is not ¢aS8ye 
hot rafioactive water from the reactor core ami a 3 
gh to drain out sufficient raiioactive water contaminating the 


a flash of a second, Slow but steady leakage would invariably 
eausing the tem- 


e two feet long cracked tube and 


The primary coolant tube 
mall crack 


Level of the reactor Core, 


a fall in the water 
This would bring up 


@ of the core to shoot up relentlessly. 
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rature to an awesome several thousand degrees -~- the fission 
pumping up the temperature even further. A core moltdown would 
| inevitable. The standard procedure to check the outpour 
Tadioactive water is to seai ofi the tube for a short while 
in the crack, the sealing in Tarapur was done by using an 
of liquid nitrogen, penetrating deep inside the tube, hope- 
witholding the pressure of water for a sufficiently long timc. 
"The ‘accident’ on March 14 at © a.m, occurred when the "ice 
/@4a not remain inside the coolant tube long enough and was pushed 
y the gushing water, after the bad pine was cut out and before 
ew pipe was welded in. A temporary plug of a sort was then some- 


mashed in and held in position by chains, The gush was controlled 


he trickle wasn't, In the initial gush an awful lot of hot rad- 
ive water came out on the hall floor, causing panic and hysteria. 
evel of wateriin the core by that time had alreedy gone down, and 
yas the moment when all hell broke loose, By the time the gush ma. 
entrolled by plugs chained inside the tube the place was reeking 
activity, at the same time threatening the core to gallop to a 

on hot temperature. (The China syndrome was surely not far off!) 
tine check, some careless decisions, mistiming, lack of precision, . 
ghtly longer delay than allowed by a reactor handbook, within 

es, can transform a simple routine job to a nerve shattering, 
fying crisis, the magnitude of which, frankly, has no precedence 
(Sunday, April 6, 1980). It has been claimed that the DAE got 

of unskilled and illiterate labourers from a nearby village, and 
them get into the highly radioactive water in order to retrieve 
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2 Mo one knows thet kind of radioactivity dose the men rece- 
| going by all thet is known about contamination at TAPS, it gp 
omable to conclude that it must have been very high, nro. 
r than the maximum allowed to cecupstional worl.«Ts and 

ad greater than the maximum permissible exposure for the 
The DAE thus seems to have used theroughly unprofessional 

al means in an attempt to contrél a disastrous accident, 


AEC chairman did not deny the main contentions of the report 
arlier but claimed that the leak in question was of "pin-hole® 
ms and of marginal significance, 
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es #2 
This dreadful episode is prohably not quite representative of 
"unusual ocourrences" that take place every six days on an 
@ge at TAPS. But the fact that it did occur and is only one 
jong many known instances of overexposure of workers in the plant 
/ nothing short of scandalous. 
Nor was this the first time that TAPS has used completely 


‘trained persons to work in highly radioactive areas. It is a 


gt routine. T the end of 1982, ac ative total of 
1 806 "temporar orkers" ha¢ been used in the power station tc 


obs in areas with high radioactivity fields. They received a 


mulative doses of over 1928 rems. 


3 The number of such person working in the plant at any given 


=, and par ticularly during maintenance shutdowns, is usually 
Riven 100 and 300. Onan annual basis, their number has rise# 
om less than about 250 during the first few years of TAPS' oper— 
ion to between 1000 and 1500 currently -—— or more than fenr-fold.. 
The DAE management has claimed that it is not an unusual 
Botice in the world nuclear industry to use contract workers to 
Poute maintenance jobs; and, at any rate, that all such workers 
» given adequate training in "mock-up" facilities (simulated work 
vironments)before they enter @ radiation-infested zone. This, 
@ll those who heve interviewed the temporary or contract 
tkers record, is simply unture. (Note) 
The vast majority of the concerned workers have not the 
miest idea of the preoise harm that invisible radiation can 
ise.Many cannot comprehend the language in which instructions 
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iven to them. And there is no such thing as systematic mock-up 
g at TAPS. 

In fact a recent DAE document mentions that the need for such 
precisely because it is absent: "Another significant deve- 
t work ( ) that has to be initiated to ensure the smooth 
satisfactory operation of nuclear power stations is the setting 
the necessary mock-up facilities and training of personnel to 
wtain complex operations and maintenance jobs in nuclear power 
ons. This is needed because of the fact that the operating 

1 doing any job for the first time... will take more time 

Ln the process get exposed to a certain amount of radiation..." 
th Five year Plan of the DAE, "R&D", submitted by the department 
le Planning Commission). Why does TAPS need to use such large 
rs of untrained workers to do maintenance jobs? The reasm is 
lerely that Tarapur is the world’s most contaminated station, 
‘lso that the safety engineering techniques on which it is foun- 
ire truly obsolete and antediluvian. The plant was designed 
Mgineered in the early sixties ia way before the two major 

1 of design changes mandated by regulatory orders appeared in 
world nuclear industry: in the 4e#kiex late-sixties to the early 
ties, and then in the post three Mile Island period. These 
egulations forced the industry elsewhere, particularly in the 
and northern Europe, to improve its safety engineering and 
ation standards. 

TAPS remains desperately backward in relation to the cam tempo- 


standards. In any other country, it would be ordered closed, 


- i] « 


@ reactors of similar build end vintage heve been ecrappe a 

e of a record that is less appalling than TAPS. 

d the problem of contamination at TAPS have been solved? 

tion measures might have produced some results decade 

so, in Tarapur's early days. But there are reaily no proven 

mation techniques which are either safe or economical. 

re importantly, any decontamination effort itself involves 
increased exposure from relocating radioactive material 

ace man-rem costs. TAPS is now and has long been, clearly part 

where the risk would be matched by the benefit. 

e radiation levels at TAPS exceed their design value by sever- 

tiples and even orders of magnitude. For instunce, near the 

or (at height 200"), the design value of the radiation fteld 

illirem/hour; in practice 6 to 8 millirem/hour. At C.U’ pre- 

ank (160') the ttwo valves are i and 45. 

t the C.U. recirculation pump (Unit I, 143'), the two values 
and 1,280 (in one year 1,592). At the drywell unit I reoircu- 
times even a fortnight after shutdown) the values are one 

> millirem/hours. This means that the workers’ fortnightly 

3ible dose is exhausted in leas than 20 minutes. His annus) 

3 completed in 4/2 hours -- or a fraction of the time it takes 

t repair job on the lines. 

‘his is not all.The regen heat exchanges in both the units 

. on contact a dose of 10,000 to 12,000 millirem/hour. And 


ire many “hot spots" near the steam generators or in the 


- 7s Hi 
4 ty a 


s—tpuie Seeeeeers Oe kes 


nose eae fiir in 


“a 
" Ps : 

48 
¥ en 


bee a tant Patt. oe vises. o°t 


wees 
ss Pe 


ep Bots. Cohhe 
fee iis 


éy Shad a3 , j : a 
Ob’ ie hie bi! frit 38% a % 
ent: jane anaee wi eT wast 


he ey. sit oy 3 


Si 
Pa heh.” La aed a pests ras 4 ab 


oe a 


mii or in the oore, which the workers need to reach, where 


pfield is in excess of 1000 rads an hour. 


7 fhe workers will receive a fatal or quasi-fetal dose here 

p matter of minutes. In keeping with thequality of the plant, 

} DAE management has over the years become unconcerned about 
callous towards safely. It sees the expended man-rems not as 
eal cost but as a means to saving money costs. Thus it has in- 
as d the total man-rem exposure from an average of under 500 

a year in the first three years of TAPS' life to ebout 5,000 
us @ year currently. 

§ The average dose of the TAPS employee has increased from 117 
Hires in 1969, through 359 millirem in 1970 and 2,990 millirem 
1974 to a frightening 4, 069 millirem in 1982 — a 35-fold in- 
base in 13 years.For the TAPS maintenance atsff, the average 
posure wes an even more alarming 4500 millirem in 1982. 

idently the strategy of the TAPS management has been one of 


most 68 the plent's workere with radiation doses just 


aexr the 5000 millirem meximum level, but of distributing the dose 


such & way thet none of them exceeds the limit (in the past 


erexposures, of individual workere -— 6.4 rem in 1972, 5.1 rem 


1973, 6.1 rem in 1974, 7 rem in 1976, 16 rem in 1977, 11.5 rem 


1979 and 6.1 rem in 1979 ~— had raised a stink and created 


ch restiveness among the workers. 


As part of the same strategy the management hes also expan ded 


e bese of radietion-exposure while increasing the dose. This, 


e number of TAPS employees oharged with radiation duties has 


sec from under 200 to between 800 anc YOO — w four-fold 
@. The manegement has also doubled its ennual intake of 

s from other DAE units (extending TAPS) to about 1100-1400 
he past decade. -—- All this has happened in a period during 
the energy output from TAPS actually declined. 

ill the end of 1982, TAPS had delivered a total cumulative 
f 45,1635 remws. A little over half of this total, or £2,921 
had been absorbed by TAPS employees, some 13,317 remg by 
sfrom other DAEunits and the rest by temporary workers. 

& the rough but conservative estinute that 1 rem of ironi- 
Sdiation exposure hes an overall risk coefficient of 6xi07* 
s {or that 10,000 rems cause about six eancers), radiation 
S can be expeeted to have already claimed 27 lives (till 

i of 1982) although the deaths may not have occurred as y2t. 
id for each additional year during which it operates, deli- 
a total dose of 4000 to 5000 rems and probably more as it 
A claim another 2 ¢t CB. 

Cumulative total of 34,161 persons have so far received 

on doses inside TAPS.This roughly equals the number of 

|} in the Hanford populationStudied by Mancuso. It is worth 
ng that the average radiation dose of the 442 Hanford 

wao died during 1944-72, the period of the Mancuso study, 
y about one rem, The long-term consequences of this expo- 

e too horrifying to comtemplate. If Mancuso even fascist 
sitate to argue that a toll of 400 isxxighks,lives is justi- 
the creation of 400 MW power generating capacity. Even a 


er ey . 


24 ie ~. as es 


f glizpee at these numbers it should put paid to the DAE‘'s 

ty claims and its protestations of concern for workers’ health. 
and for all. The man-rem costs of power generation must 

as an important criterion for evaluating the desirability of 
@ energy.They are the crudest indicator of the risk to which 
fety is forcibly exposed on account of the existence of nuclear 
er.They represent a major entry on the debit side of the atomic 
balance sheet. What does the DAE’s shameful exposure record 
1 for the real non-monetary costs of Tarapur power? 


farapur's coste, measured in man-rems per megawatt year, are 


by. 


bably the highest anywhere in the world. Today they stand at 


ut 100 man-rem per MW of capacity. In the U.S., to take one 
mple ,, they are roughly 1.2 man-rem/MW. Betweeni969 and 1980 
collective dose of reactor rose in the U.S. from 178 man-rem 
791 man-rems in the four-fold. In the same period, it increased 
TAPS from 21.5 man rems to 2125 man rems —- an almost 100-fold 


rease. 
Tarapur's collective workers dose per reactor is thus 270 


» cent higher then in th U.S. But the U.S. level is itself too 
yn, on environmental considerations. Many environemtnalists have 


nmanded a reduaotion in collective doses to 300 to 500 man-rems 


> large 1000 MW yesotor per year. Karl Z. Morgan has proposed a 


rem budget of 0.5 man~rem/MW for existing reactors and 0.2 man 


n/w for plants under construction. 


By these standards, TAPS is 200 to 500 times dirtier and more 


seneive in men-rem tens than the munimel acceptable hagardous 
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reactor. Indeed, should even the less stringent of those 
de be applied to f,rapur, it would be forced to close down 
- Por radiation has become inseparable from power genera- 
that station. Nothing can be done, not even routine main- 
jobs under shutdown conditions at TAPS without expen ding 
cceptably large quantity of man-rems. 
U.S. Nuclear R”gulating commission has recently set the 
r man-rem at $1000. While this in some ways amounts to 
& @ value of human life and has a questionable ethical 
@ underlying it, some people feel that it may in practice 
&s a mild penalty for high exposures and discourage them. 
| such @ penalty measure be imposed upon Tarapur, the station 
have to pay a fime of some Bs.4.5 crores of rupees o year 
ch would add over 25 per cent to the cost of eleetricity 
dad by the DAE. This would not only wipe out TAPS's past and 
t profits but alaeo prove a fortion that atomic pewer can ne- 
mpate even economically with eleotricity from coal-burning 
roelectric stations. Theoretically, that is going by the 
of those who designed and run it, ‘Yarapur hes still 
r ten years to go. This presumes an absence of safety regula 
as well as resistance to them, the sacrifice of another 8 
@ lives — radiation levels can only rise with the age of 
ant — and @ capacity factor thet ie lese than uw thiral*te) 
"Operating Experience" 1979, Tables II, VII & X for Boiling 


Reuetors 100-599 MW). 
or the DAK which is trying so hard to tie up albeit at one- 


- 16- | 
Political costs fuel anc Spéres suprliies to feed TAPS 
ie obviously somethinz of a meaningful target, if not a 
enge if only because Tarapur is, as was said earlier, its 
performing nuclear station and since there is no likel ihood 
the other atomic satstion will watch its power generation 
rmance in the neer future. | 
Phe choice to let TAPS run is much leas simple for all the 
8 involved the workers, environmentalists, the general 


9. It nevertheless has to be made. 


AN (*®) WU: Rajasthan's Prolonged Agony 


¥ only by default -- Tarapur grabs so may headlines — the 
than Atomic Power Station has rarely ® received adequate 

ce and environmentalist attention. Indeed, the emphasis on 
ppalling records of radiation contamination and exposure at 
was tended to obscure -- and content to prevent from reaching 
jimelight ~- Rajasthan's own distinguished performance in the 
le 

Phis performance is by no means unremarkable. For a station 
hes worked at about a third of its rated capacity, RAPS has 
quals in the rest of the world, irrespective of the kind of 


tor they produce their steam from, 80 far as health hazards go. 


s the worst performing reactor of the CANDU type. Where the 


load (capacity) factor has been of the 
er during their peak 


5 tribe's cumulative 


er of 60 or 65 per cent -- and even high 


od —— there is no hope that RAPS' will reach even t wo-thirds 


hat. One simple reason for this is that the reactor in unit 


ut broken down: its end-shield is cracked. Ther: 


RAPS has all b 
ttle likelihood 
atghe plant will rem even after 


that this critical component will be repaired 


some patchwork solution is 
4 thames during its 10 
RAPS-II has so 


cted. RAPS-I has had to be shut down 25 


life-span, or roughly on ce every fortnight. 


recorded & pathetic capacity factor of about 25 per cent. 


ration performance is the worst for any 


sthan's power gene 


ns 

- 2 = 
plectrical station anywhere in the world. Megawatt for 
t of installed capacity it generates less energy than my 
golear plant, new or old. Even in relation to the other 
pd nuclear power stations in theThird World, RAPS's record is 
sful. It generates less than half as much energy per MW per 
an does the Argentinim plant, Atucha-I.Even S. Korea's 
and the Pakistani Kanupp sxpa@m produce more electricity 
year than does RAPS. 
» roots of the trouble with both of the RAPS reactors go 
ht back to Canade, and its first, rather awkward, attempt 
smercial nuclear power plant, Douglas Point near Kincardine 
° . | 
s 200 MW Douglas Point reactor project was launched in Septe- 
60, to be completed at the cost of $81.5 million in 1964 
rt commerciel operation the next year. It took Douglas Point 
ate 1966 to begin working and its operator, Ontario Hydro, 
to overcome working problems and enter into commer- 


two years 
"Even then, the station operated for only once of 


rvice. 


4 twelve months" (Note) 
uglas Point has had an average capacity factor of under 
as against the expected 80 per cent. Power generated 
4170 per cent dearer than originally estima- 


ent, 


plant has prove 


has had an questionable safety record. The emergency core 


system has exceeded the targetted ceiling for unavailabity 


otor of 13 and thus failed to meet the plant's licensing 
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sion. According to Canada's Atomic Energy centrol Board, 
pergency cooling system at Douglas Point could not prevent 
failure (which could lead to serious accidents) even if it 
l. In 1977, it ordered a "de-rating" of the plant's power 
; to 70 per cent of its capacity, as a safety requirement, and 
iked Ontario Hydro shut the plant down in 1980 to make modi- 
ons costing $5 million. Air leakage rates from the plant 
Mg werealso found too high. It is not known if Douglas Point 
it with the AECB's approved as yet. 
fhe Douglas Point design is the basis for both for reactors 
2S. Basically the Indian reactors are exact replicas of the 
an phant. The Canadians in fact built RRPS-I and a good deal ~ 
'g-II Rajasthan thus inherits all the major design deficiencies 
iglas Point and all reproduces its problems in their complex 
igs. But, expectedly, some of the problems have proved such 
| in the Indian stations heavy water leakage, to take one 
ice, has been five to eight times higher than in Canada. While | 


\s Point was completed with a cost overrun of just four 

nt, the figure for RAPS~-I is 76 per cent and for its second 
ver 90 per cent! Unit one of the Madras Atomic Power Station 
in all its essential aspects is a replica of the RAPS reactas) 
so had a cost overrun exceeding 90 per cent. The connstruc tion 
for RAPS II and for MAPS have also been well in excess 


ce the four year-spillover for Douglas point respectively 


and ten years. The warped and elongated construction schedules 


4 serious difficulties for RAPS.While half or more of the 
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mer 
nd unit was complete, and waiting for its mutual charge of 
y water, the station management started cannibalising it, 
ting while sub-systems and vital components as a replacement 
their malfunctioning or diseased counterparts in the first 
. Inventory control went ragvice, operationa} schedules lost 
r meaning, planning become impossible and mismanagement rampart. 
this was to tell not only on unit two but eventually on the 
t unit itself. The station management has failed to solve any 
he serious problems that continue to plague RAPS: heavy water 
es of 60 to 80 kg. sorth about Rs.4 lakhs, a day, turbine | 
ure, malfunctioning of the fuelling machines, leaks in valves 
glands breakdown of pipelines —- and not important metal 
ure, particularly in coolant channels. The existence of 

last problem was recently acknowledged by MR. Srinivasan, 
ctor of the DAE's power projects engineering division: “We 
y taken out a coolant channel from RAPA-I which should 


recentl 


4de as an opportunity for generating vital information. A 


g to coolant tubes is whether they 
year life and whether 


+ Jmportant question rela in 
require one or two replacement in & 30 


niobium is in fact a better material than zircally?..." 


lar questions have also been raised about the integrity of 


on steel tube sheets in the end shields, under inadiation. 


re is no reason to believe that most of these questions have 
settled or solutions found. 


The Indian reactors based on the CANTU design, the converstonic 


yis nuclear power veneration programme, inherit an ot— 


hie countr 


“f 


ae ars 
ie 


ape 
a 


Se 

fous problem. The pressure tubes (coolent reactor) that 

e netural uranium fuel pellets d in the core start expending 
th. The allowance made in the design for this elongation is 
ate. This is a major design flaw shered by all CANDU reectore 
oreate serious operational preblems, causing leeks or high 
on fields, and making on-power refuelling difficult if not 
ble. It may have contributed to the appearance of big 

in BAPS-I's end shield five years 2g0- But no attempt 

xy has been made in the DAE to correct the serious flaws in 


‘rowed point design. What makes the Indian e xperience 


RDU reactors morse and potentially more dangerous is the 
» in this country of any safety engineering regulations and 


rds for the performance of crucial mechanisms such as emergen-— 


p cooling, shutfiown and containment system or ¥ven well defined 


for operating practices. Given this void, it is utterly xXnssFu 


ur prising that large numbers of RAPS workers have been exposed: 


ards from both jonizing radiation and tritium. Tritium, & 


isotope of hydrogen (atomic weight three) isa a potent toxim 


avy water reactor operation. It is 


5 a by product of he 


esent in and around RAPS reactor s and shows particularly high 


in the atmosphere Or light/heavy water whenever there 


course routine, and can be as high as 


tration 


aks -- (These are of 


los per minute) Tritium is readily absorbed by the human body. 


n RAPS exceeds the maximum permis- 


esence at several places 4 


coone tration (mpc) levels 
4 majority of workers in 


by several multiples. Four, 20, 


00 yet the vas the station are not 


os i 
ered to use protective clothing or mecks. Often they are not 
mn warned of high levels of tritium contemination in specific 


as of the plant. 
In respect of Gamme radiation, the published record ofRAPS 


equally bed. 1ni975 its total collective personnel exposure was 
yproximetely" 800 man-rems - perhaps the highest for any 200 MW 
.etor in the world, barring Tarapur of course. The following 

ur RAPS personnel received "about 650 man-rems" and contractor 


sonnel 150 man-rems. In 1977, the station personnel received 


5 man-rems and there was no entry againsg the item of “contrac 


» personnel" exposure in the IAEA prforma returned by RAPS. In 


78, the total had reached 895 man-rems. 


Some of these figures, those reluting to the earlier years, 


pear to be twoo precise and round, but that may be a coincidence. 


at is certainly not a coincidence is that since 1978 there has 


entry at all in the available IAEA interactive for radiation 


posure at RAPS. This is precisely the period in which the end 


'4eld cracks in unit one must heave led to extraordinarily high 


diation levels(as well as increased worker exposure thanks to 


pair efforts) end during which RAPS-II too came on live to 


s to fresh doses of gamma rays. 
Even its present level 


pose its worker fhe contamination 


vels at RAPS can only increase with time. 


mein unecce ptable high. If ar 
f man-rem per ww of capacity is 


easonable man-rem ceiling, such 


0.2 or O-¢ imposed on RAPS, the 


ation would have toc 


the DAE doee pcre 


lose down permanently. If, am recent reports 


p RAPS-I, it will, regrettably, be for 
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on altogether, viz, that the reactor can no longer 
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The Perpetual Radiation Machine 
The Nuclear Puel Cycle 


g -——- not even farapur and Rajasthan with 
s contempt for humanand en- 


Nothin their aliocious 


ation records -- exposes the DAE‘ 


safety starkly 46 its decision to site the country's 


nmental 
in western Uttar Pradesh. 


th atomic power station at Narors, 
Narora is situated in an ear thquake-pr one , 
» (grade IV), only 50 km. from the Bulandashar 
g earthquake. The site is in @ geologically unstable area, with 
Harora is also On the bank of the Ganga 
& region. At the precise 
project is now being erec- 


metres below ground 


active seismic 


epicent re of 


tear fault" close by- 
in the midst of a densely populate 


ation where the Rerora atomic power 


the water table is 
{jg no rock for a stable 


only four %o five 
foundatioh; even at 500 


on drilling depth of 
ure exists. 
e that is poten 


ly 


rel; there 


‘tres depth (as against the usual foundati 


> metres), n° senure, stable geological struct 


r an environemental nightmar 


one is looking fo 
Island, then this is 


ning than fnree Mile 

siting the atomic project & 
kar manna site selection, which 
proposal Certainly no 


lly even more frignte 
for 


+ Naror a? 


Who is responsible 
not the Vengurie 
had opposed the 
the one person who had 


rtainly 
41972 interi= report, 
alist : In fact, 
nt about envrionmenta 


expressed the 
the DAE, A-K- 


been @ vehement 


vironment 
1 issues within 


group, has 


nead of BARC 's chemical 
plant at that site. 


itic of the éecision to locate the 


ee 

It is the very top layer of the DAE hierarchy itself which 
irbitrarily took the decision, bypassing not merely envtronmental 
jonsiderations, but also its own established procedures. It did 
jot even wait for formal clearance from its om safety committee 
efore proceeding to start digging at Narora. It has now half- 
inished digging what may well grove to be the grave of the eco- 
ystem of the Gangetic plain and perhaps of millions of people. 

The DAE has not even a fig-leaf of justification for the 
@rora site. Its decision defies all logic, even that of survival. 
et us put it bluntly: What happens if there are strong tremors 
r an earthquake in the region? Is there reasonable guarantee that 
he reinforced structures that are being specially designed to 
end NAPP some stability will hold? What would be the cansequences | 
fa significant release of radioactivity into the Ganga? Can 
nyone, anything, ensure in case of an parthqueke thet large 
f land, huge volumes of water and several hundreds of thousands 
f people will not be sprayed with radioactivity from the heart 
f the plant when it becomes operational? Is not certain that 
wen after it has exhausted its useful economic life of 25 to 50 


ars, NAPP will continue to threaten the surrounding environment 
ith disaster. No construction, no structural components, no engi- 
ering material can be designed to withstand all manner of stress | 
4 retain its integrity and strength indefinitely. There are only 
ort, finite periods such as 30, 50 or a hundred years about 

ch some assurance exists. Not even the most reckless of geolo- 


d engineers will certify & steel and con#rete structure, 


ete an 
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ee 
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ve 
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pundation and the formation on which it rests as stage and 

le for hundreds or thousandsof year. 

And yet, hundreds or thousands of years after its power genere- 
capacity is exhausted, the Narora plant or its tomb, or its 

ins will physically still be in its site, and still seething 
radioactivty. Many radio—nuclides produced in fission have 
elives of thumpsives thousands of years. Take plutonium -239 

a half life of years. U-235 has a half-life of 710 
lon years. One crack in containment, a few leaks in piplelines 
ving in of a support structure here or there will still spell 
ster. What can a spill of, say, plutonium from the spent fuel 
APP, or an explosive collapse of the plant caused by an earth- 
», lead to? Depending on whether conditions, 800,000 deaths (See. 
>) What 4f a small quantity of plutonium, such as a few ounces, 
fentally spills into the Ganga? It could destroy the entire 

kic life in the area and poison all its vegetation -— more 
ptively and longer than could all theAgent Orgege used in Viet 


_- and eventually get into the human food chain and cause tens 


ousands of cancer-deaths. 
m at the root of the decision to locate an atomic 


The cynicis 


project at Narora is indescribable. But it has its roots in @ 
3 


grandiose scheme, formulated 15 years ago, to set up ana seine 


acular nuclear "agro-industrial" complexes in certain parts 


e country to bring about their instant, large-scale, technolo- 


(and hence social) transformation. These nuplexes would 


ce vast quantities of cheap power to run pumpsets, produce 
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dlisers, drive the wheels of industry, and fuel the engine of a 
culous prosperity. 

This was not a mere daydream, not just a private of cranky, 
. A masime project report was drawn up by DAE sesxeuk secretary, 
am Sarabhai and six of his colleagues in 1970 ("An Agro-Industri- 
jomplex in the Gangetic Plain" ed. B.P. Rastoji). 

Mercifully, the Nuplex scheme, was never translated into a 
. of action. It was quietly buried. However its ghost survives, 


the twin reactors of Narora. 


WAPP beas testimony to the power of India's science and tech- 


ogy visionaries, her nuclear dreamers. The vision and its sheer 


pp tends to outlive them. 
itself to the entire fuel cycle of nuclear 


fuel fabrication to 


The vision extends 


rey, from uranium exploration and coming to 


ctors t 


° reprocessing and to waste disposal. Like the power 


facilities remain cemeteries/burial grounds for =| 


tions, most of 
From what is known of it, 


hope of safety of nuclear power. 
rom riddling to appallingly poor and is 


of black marks. The nuclear fuel 


ir safety record ranges f 


each case composed of & gerious 


where uranium is fabricated into fuel rods or 


made the headlines in March 1982, 
ion in the combustible, 


plex at Hyderabad, 
lad in metallic sheets, 
n died of burns from an explos 
dumped in the open: A year ear 
killed and eeverel others, inoluding 


ets oc 
n two childre 
Pp from the plant, 


lier, a women 


three children nad been 
xup injured. WFC was to witness yet 


plant workers, severely 
on the 26th, in which an explosion 


ther acoident later in 1982, 


a. 


isa 


axe Bs Tye “4 


eer : 


ry 
. y “ett 
ay Fae, ie ue ihe 
A ac, 3 ‘ cree 
a eter ghee 
-< ered grt ie 
5 ee eee ; 


he | 4 re 
oe ae 


| a 


ie seks 2 


a hat E 


fecourrea in its 
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airconium Sponge plant, apparently owing to negli_ 
monitoring of beessure cauges 


‘Claimed several lives haa March 
a 


workers. 
i 


nee in t 
ge he -The blast would have 


26 not been a holiday for most NFC 


Gross negligence, Bloppy industrial practices and callousness 


have combined at NPC to turn the waste ground, ungueranded and 


unteuxx unfenced, into death trap. 


discharging poisonous effluents through steam water drains, thus 
subjecting large numbers of people 


Worse, NFC has for years been 


living in its neighbourhood to 
various kinds of pollution, inoluding rediocectivity.Water from 


wells and fields in a large part of NFC's environs hes shown high 
levels of concentration of toxic substance. Belatedly, in 1976, 
IFC built settling tanks and effluent treatment facilities. This 
las however made not the slightest difference to the pollution 
.evels. | 

A heart physicist's investigations revealed that the uranium 


poncentration levels in well water had inoreased six to 20 times 


ma few years. 


A group of environmentalists and physicians, who have surveyed 
ome of the 3000 workers NFO say they revaled all the signe of 
ing unprotected egeinst the hazards associated with chemical 
ants, metallurgical factories engineering workehops as well as 
clear facilities. Despite its repeated efforts to he allowed to 
ek the inetallations for safety and mkmtk singular monitor 
effects of work hagarde on the workers’ health, the group has 


failed to receive any serious response from the NFC 
a 


parently 
agement. 
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The Bhabha Atomic Research Centre is the prime FP & D insti tu- 
tion of the DAE. It is also the source of production of the depart- 
-* safety standards, the headquarters of its health physics 
"and radiological protection divisions and the cradle of all senior 
DAE staff. BARC is not an industrial or production facility like 
TAPS or NFC is, It has however had @ shameful record of radiation 

exposure. It has subjected (at lsst count, till eight years ago) 
, four persons to annual doses exceeding five rems and has @ man-ren 
 qumulative total that rems into at least four digits. ) 

It ha also had the distinetion of having reristered the high 
‘known dose that any DAE employee has received in an single year ~ 


22. 28 rems. That was more than ten years ago, and as recorded in 


he Z * a 
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figures published geven years &go- Since then, the statistics ha 
“eried up but the radiation exposure has. So has the propensity of 


Pp and film badges to disappear, 


TLD (thermo—luminisoent dosimeter 
(Note ) 


, or to have their film "spoilt". 


Re ical 


“or be "lost" 


: in the absence of the missing quantities of badges -- the only P 


"manent record of tne individual worker's yadiation exposure — nn 


one will evex know the precisé toll of human health as claimed » 
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_ BARC and the DAE. But that which is known points to a deplorable 


record. 

The wor st agpect of this relates to the plutonium plant at 
- Pronbay, that reprocessed the spent fuel from OIRUS to produce © 
2 


al which went into the Pokhran explosion device in 1974. 


~ materia 
but is now being rebuilt in an expan é 


was aismantied 


z (The plant 
form) - 


7 
_ 
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Besides gemma 
A fc > . : “~ " 
Eg radcistiion, ‘ne hegerd in the Plutonium Plent 


i 
s plutonium itself — the element numed after the god of Hell, 


and the most toxic substance known to humanity so far (a few 


Ounces can kill the entire population of the world). Among the 
people who have been exposed to this é@eadly hzzaré is KSD(49), who 
in 1986 was asked to go into the call room and clean solid depo- 
sits accumulated in and around the cells -- without wearing @ 

gas mask. KSD swept cell with a broom; the sweeping produced a 


dust cloud which "choked me." XSD was taken out, bathed "for two 


to three noursxau# with all kinds of chemicis,”" and finally 


ordered to have this head shaved clean of hair “in any barber's 


{ shop". KSD claims that even on repeated requests from him, no 


immediate body burden measurement for uranium, plutonium or any 
other substance was made instead, he was granted a promotion to 
the next grade, out of turn and "to my surpriee", the whole case 


was “hushed up." 
It ie relevant to note that in ite original avatar, the plu- 


tonium plant, designed and built by Sethna, hed never been clear- 


ed for safety. For several years it was the most dangerously 


polluted site in BAKC. 
It is likely to regain the same status in its second appear- 


ance .#For reprocessing a epent nuclear fuel to recover plut am ium 


is among the most hazardous, problem ridden and enviromentally 
$4 


d rous parts of the nuclear fuel cyole. No plant built to re- 
ange 


pent fuel from reactor 
of ite capacity. Fun of the world’s five 


s hes worked for any length of 
process 8 


time at even 4 figth 


| 
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ge errocersing Plants with any 


| history of operating experience 
heen closed down, 
{ 


Fince they were frossly unsafe and accident 
° (Rote) 
, 


Spent fuel reprocerfing, a Crucial step in the nuclear fuel 
» has not been proved to be technologically viable. It remains 


POusly unsafe and frightfully experience. Rather than sub- 


telly reduce, as the nuclear theology would have it do, fuel 


end power generation aoate, it addg anything between 
an and per cent to the latter, (Note) 


vironmental consequneces of an in reprocessing plant 
1 accidental spill of plutonium are eltogether too horrifying, 
i leak could kill & few hundred thousend people. 

teprocessing hae eleo been a major source of proliferation 

flea weapone and the less expensive end easier of the two 

pel routes to the atomic bomb. Reprocessing plants the world 
ave long been notorious for wide discrepancies between theore-. | 


y predicted plutonium yields end actual ones. A great deal of 
dum thet ought to be recovered tends mysteriously to dis- 


. The new reprocessing plant at Tarapur, PREPRE, is no exce- 


to this. -Already some — kg. of plutonium, or roughly 


quantity needed to make A bomb, cannot be accounted for 


destructive possibilities represented by plut onium re pr o- 


dmost pale into insignificance when compared with the 
8 


and reur permenent hazard of nuclear power: redéstetien 
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Padiation lasting while mrillenie, cannot be contsined much lesr 
Linicated by any known technolocy whether developed, embryonic or, 
5 of now, conceivable. By its very nature, radioactivity cennot 
p abolished, clinicated or neutrelired. It has to work itself out, 
poay over & long period of time -—~ thoursarde, millione or billions 
f years -- till it is reduced to insignificant proportions. 

The problem is thus one of storing high-level wastes safety 
yer an almost ceological time-scale or cons. The nuclear industry 
hich is beginning to discover where its Achilles' heel might *# 
fe and which is now compelled to acknowledge the importance of 
he issue, has meade i% a havit almost a routine to announce periodi- 


ally that it hae found a solution to the problem of containing, 


onfining or storing high-level radioactive waste end that a new 


ethod has been developed which represents a genuine bre ek though. 


In reality, theze claims one pure fabrications, the result of 


4ehful thinking oF imagination. Kot a single one of these *break— 


hroughs" has been proved even vaguely or potentially viable, most 


ixist only on paper ~~ TARA or nuclear lobby publications, often 


ption and reessurance of the industry. 


or internal coasum 


Ber scon the most fiercely loyal among the nuclear faithfuls 
hat the waste disposal Pp 
t them do not even claim t 
eure, however, that it will ( he re 


roblem has been licked. The more 


an claim % 
hat it is anywhere near 


easonable amongs 
pe and feel 


eing licked; they ho 
¢ hope for reason, that inevitable 


e substitution ) 


gain is th 
the theology of ' 


he atom) ° 


onsequence of 
plausible, stand is that nuclear 


The only rationals indeed, 


- 1¢ - 


power must be declures¢ 
red us unkceeptabliy unsare uniil ihe waste dis- 


poeel problem ie solved fully and satisfactorily. 
Aliegitimate to build what 


It is simply 
hes been termed “a house with # no 
Soilets"; the exoree ere bound to be dumped on society. whe woret 
hagerd represented by high-level wastes is that wherever and how- 


ever stored, they are liable to leak into ground water and the 


larger biosphere. 

Bven if they are mitrified, or turned into « of glass 
@s the French and, efter then, the DAE, are trying to do —, o@ 
stored in special "stable" disposal sites -- West Germany is trying 
to find these — or dumped into the sea or in iimbuctoo, they 
remain a grave liability, the heaviest that the nuclear business 
earries. Futiing them into salt formations or deposits high up in 
the will not do, although these are meant to be relative 
ly stable foumations. 
The point is "relatively stable" won't do. There is no 
quantifiable or reasonable guarantee that any accessible geologi- 
eal formation that we know will remain stable for millions of 


ears, nor that it will not itself be affected by the high-level 


aste to be stored in 4%ta bowels. 


Ho geologist worth lies or her salt will venture to give 


. Hi level waste asap disposal remains an intra- 
such a guarantee ao Reply oo 


table problem. No/engineered material can have tegrity or 


hermanence OY activity measured by the geological clock ~- with 


exception of radioactive nuclides. These substances 


ntained oF disposed of or Climinated by what has so 


he one of 
no% be co 


the known limite of technoligy.The genie cannot 
ar been the rule 


on net a je 
Ve ee Pe ss 4 ' 
at 4 vet he %! ers : 
ere a AE oF a " 
+ a ip $70 . 3 Le 
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sttied. Should it be slliovcdé te be crested at all? 
The prob ; ; 
p lem of hiah-lelvel waste dieposal has mind-boggling 
sions. U 
nsions. Upto 20,000 tonner of thie concentrated poison existe 


he worlc today. Most of it is stored st power stations in spent 


aa ; | 
pools temporurily” but reeliy for years. 


The problem posed by so-called “low-level wastes is far irom 


neiderable. Their sheer volume runs into billions of cubic 


sastes -- fnéuetPy inoluding uraniu® 


;. The dumping of tnese * 
lings, fuel fabrication wastes, tonnes of much discarded by 


including contaminated clothing, 
eee in a major haggard. They are bound 


er reactors each jeer, etc. 


o shallow ¢trenchee or the 


food chain sooner oF Later. 
waste Aaicposal? There 


enter the 


What would be the coset of 
5.10 per cent spectrum to the 2 


he ash of nuclesr power genera~ 


is a whole 


ye of estimates from the 0 to 30 


evel (as a proportion of t 
the utilities ere charged 
ds the control cost of waste 


» cent 1 
bp)» In the UseSe 
power generated towar 


sidered very {nadegu 


$i for every 1,000 KWH 
"disposal". 


ate by environmentalists ori tical 
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ie is oon 


nuclear power. 
the direc 


4 price has 6° far been paid in men~rems 


money price will be, as it cont inues 


tne ynairec* 
er though the public excheq wre 


ad human 1ife; 
be, paid by 4 


If a major eompon 


a ordinsry taxpey 


ent of the indirect costs of nuclear power 


ana money terms -- & part of the total 


ricity -~ lie in waste disposal, 


for etomle e) ect 
ations claims an even higher 


clest install 


commitment. 


ciel gubeidy 


soning of ™" 
of <ne total 


commias 
Society is oalled upon, OF 


ed, tO meke in order to 


o\ GME sel} +t & agi 3H atom. 
The decommissioning of old nuclea? i 
+-U nucle&r power plants presente 
lar economic wo 
| rOrkFies. The x 'de 
. 1© term "decommissioning" is a misnomr 


J 
ce it imp | __ 
lies & routine shutdown procedure similar to abuné ming 


O1cG co 7 ne 
ese 6 la mine. But nuclear plants thet heve been operat ing for 


fades hav . eager 
e many parts that are readiosctive and must he kept from 


‘e020 saa 


| biosphere for centuries. One epprozcch is calied 7 “ontombme nt": 
‘sealing a plent with reiniorced conerete und nroviding auerds 

ry an indefinite period, But entombment, though — eronomical 
sep unecceptable long-tern environmental ee oblems, particularly 
nce some materials woula reméin radionetive for es long Ss 100,000 
ars, long past the ugreful life of concre+e. Enevring the integri- 
of human institutions of provide centuries of guard duty is also . 


oblematic. Nuclesr industry officials cringe at the notion of 


nazreds of nucleer "tomb" around the world serving os & reminder of 


ar," | 


e long-¢erm hazards of nuclear power. 


Phe more likely approach to demommissiong is dismantling each 


leleer plent piece by piece, 2nd transporting radioactive materials 


' suitadle peste sites. the technical atfficulties involved are 


e of the hiv 


naiderasble. Because h levels of vadiation that would be 


countered, eleporase eafeguards must be used to Limit human 

porure - Some parts of the resxctor would have to be Aismantied unde: 
ter in ppecial poole using, remote-control torches. Other procedu- 
in nang shifte. To limit the radiation 


o acceptable levels. 


gf would nave. to be fone 


{dual workers t 


sceived by inéty 
or sigmeantling a 10 


Cost ert imeter f 


OO megawatt nuclear plant 


: “> 
pange from $50 million to ov-: %1 billgon (i962 dcalars). The 
” ob BA Lo ea _ 6 wil A we - 


largest plant yet @temertie? veo the tin: 


Ol—me guwatt Elk River 
plant in Minnesota, The vcrocedure recuirec two years and #6 mii- 
lion, but provided few levsors for Cismentiing plenis fifty tines 
Be large and rundrede2 of times rere Sail ahh ive . yet ihe low costs 
freauently cited by the nuclear industry ave vased oa extrapola- 
tion of the Flxk River exnerience. More revaling ia the Shipping 
port plant, soheduled for decommissioning in tae mid-eighties at 
a cost of $60 million to £70 million, eceording to a vontract 
signed in late 1983. The difficulties that may be involved in 
decommirsioning are illustrated by the cleanyp of tne disabled 
Three Mile Island plant, which has ancounatered a wide range of 
unanticipated probleme and will cost well over $i billion. 

The 50 per cent estimate appears fairly reasonable Decommis~ 


sioning, like waste a@isporal, also involves & non monetary cost — 


pan-rems.this is dictated by the hersh logic of the fuei cycle. 


any attempt to relocate rediozctivity has an exposure bial and 4 


death roll attached %© it.The fvel aycle is forever. And so are 


Onee it is atarted, 
to close it, must take Lis toal of humen resour ces 


Seayeosts any esoupe frow the Suel cycle, 


like any sttempt 
iq forevver. 


fhe nuclear fuel oyole 
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VIII. Prom Lururiant Power To Power ASA Luxury 


THE economics of Nuclear Electricity from our brief survey 


of the nuclear fuel cycle, the conclusion is mescapable that 
atomic power is patently unsafe. As each stage, its fuel cycle, 
throws up serious problems which, if they are at all amenable to 
solution, can only be tackled at the expense of occupational 
workers and of society at large. The risks nuclear power poses 
are sO numerous, sO grave and and so permanent or ineradicable 
as to be unacceptably high, whatever the magnitude of benefit 
from it. ' 
Is nuclear electricity cheap? Even if it were mpéh cheaper 
than  avinie generated from other sources such as coal or oil in 
water, its human and environmental costs would remain too heavy 
for society to nceupt/eetheuiitty as an alternative to the latter. 
Indeed, even if nuclear power was free, it would still be serie 
ly undesirable —- at least at its present level of technological ! 
development or maturity and its high and rising social costs. 


But, as it happens, nuclear power is not cheap. I¢ is much more 


expensive in relation to hydroehectricity and power generated 


coal or even oil-fuelled stations. Commercially nuclear fission 


represents the most expensive form of producing power kaown to 


society. 


The nuclear industry &2 
just when it ig in the grip of the worst-ever 


1 over the world of course denies 


this -- ironically 
in any seotor of energy generation. The 
economic crisis known 
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industry can no longer 


— oe 
Survive without enormous subsidies. In 
the United States, which has the largest contingent of power rea- 
otors in the world it is a state of financialZ collapee with big 
companies going bankrupt. The global commitment to building at omic 
power stations has declined by a huge 31,000 MW over the past five 
years. 
In place of the decade-old-projection of one million or more 
megawatts of power generating capacity to be installed by 1990, 
no more than 300,000 to 400,000 MW are now expected to be commis- 
Sioned. Each year, country after country is cannelling plant orden 
In the U.S. alone some 87 plants have been cancelled. (Note) 
Nuclear power is on therun because it is too expensive - 

In most parts of the world its viability has evaporated. Its cap- 
ital costs have increased twice as fast es those for coal-burning 
stations over the past decade -- despite all the anti-pollution 
modifications ordered in these. Today they are 50 to 120 per cent | 
higher than the latter, kilowatt for kilowatt in most countries 
in the West. Unit costs of nuclear power generation are roghly 
50 per cent (in some oases even 90 per cent) higher than the 


energy costs of wax coal-fired plants.According to an estimate, 
if all the power used by Americans were to cost as much as the 


eleotricity generated by nuclear plants scheduled to go into 


d-eighties, the country's electricity bill 


n in the mi 
operatio ete) : 


would rise by 1350 per cent. 


foday the average cost of 
it can hardly ssmpks compete with even 


nuclear electricity oan hardly 


in the West is go high 
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ere + 
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enue 01. Por new nuclear Plants to be competitive, oil would 
have to priced at between $60 and $100 a barrel, as against the 
current price of about $30 a barrel. As a source of head, nuclear 
electricity compares with oil priced at $240 a barrel. It is plain 
that nuclear power has look out on all the advantages pre sented 
to it by the decade-old energy crisis and the shooting pricesotf 
competing fuels. 

No one in their senses expects its poor cost-effectivene ss to 
improve in the foresegble future. The OECD's atomic energy agency, 
a part of the world nuclear lobby, hae hed to concede that “there 
is not # remain commercially viable in a climate of uncertain 
and veriable markets". Gokng by the more informed and reasonable 
of estimates, nuclear capital costs will increase even more rapid 
ly in the eighties than in the past, over coal capital costs and 
make atomic power even more (20 to 50 per cent) expensive that 
coal-fined electricity. "The day when nuclear power will be the 
world's leading electricity source now seems to have been postpone 
indefinitely." This is the pitiable present state and projection 
of unbleak future of an industry which, 4¢ was predicted, would 


"too cheap %to meter". Today, nuclear power has 


erate power 
ne ‘ (Note) 


become too expensive to hook up to & meter. 


The historic prediction, made about three ncleeidice tt the U.S. 


11 before & commer cial power reactor had been set up, is entire- 
we 
ly naracteristic of the nuclear lobby's logic of anticipation. 

c 
It declares all problems solved, in advance, all possibilities 
+ dec 


fulfilled, prior %° the event. 


aT ee 

In India too @ similar if somewhat pore modest prediction 
wes made about the same time by Homi Bhabha. In drawing up India's 
atomic power plan, he declared that nuclear power would be compe- 
titive with electricity generated from coal—based stations ui 
from coal pitheads. Leave alone a serious analysis of costs not 


a single rigorous calculation was or has since been cited by the 
planners 
country's visionary nuclear p¥ants# in support of this claim. Never- 


theless India was launched on the nuclear path with the AEC exu d- 
ing confidence that it would set up 2,700 MW of power genera ting 
capacity by 1980. Clearly the visionary planners’ vision had 
proved more important than realistic planning. In keeping with 
the vision, a number of claims have been made a out nuclear power 
and its cheapness, not merely potential but actual. Thus the DAE 
sending claimed, omer five years @go, thatTarapur power only cost 


9.6 patse per kwh when its real cost was close to 15 paises eee 
More recently, Kalpakkem (MAPS-I) power, it was announced, would 


only cost about 30 to 35 paise per unit, when its actual cost 
even at capacity factor levels that heve remained something of 


a dream for the DAE in CANDU resctors, ie likely to be 90 paise 


(Note) 
or more per unit. | 


the DAE mede the extraordinary claim 


But even more recently, 
te) 


Ho 
thet TAPS has been selling {ts power at 10 to 12 paise & unit® 


According to ® DAE document, TAPS is receiving about 21 paise per 
c 


unit of power gold and its officially akenowledged 19 paise per 


unit. (Hote) 


That such extravagant olaime whi 
shed document 5, oan made at @11 must be treated 


eh are totally negated by 


the DAE’s own publi 
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some thing surious or even bigarre 
reability oof 
gs of compari son bet 


r of times, 


The DAE's original statement of economic 
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r itself/more a curiosity. The basi 


clear powe 
been attend & numbe 


en nucle and coal costs has 
Originally, nuclear plant 


coal-fired stations situ 


g were de o- 


h an inexplicable manner. 
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ared to be competitive with 


of 500 max miles (800 km 
he mid-seventies that figure wes pxad modified to 


pitheads. 


) from the nearest coal 
600 
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and the compar 
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in the long run", 
jon network, compact 


able ei ze of the nuclear gtation was for the 
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firet time state 


power was reiterated to 


4¢ acccunt {eg taken of 


ness of nuclear fuel 


well as its immi- 


be "more economised” 
the costs of transportat 


the learning specimen 


ailing %t° 500 MW size units. 
eat current 


criterion was further modified. 
about 2x2355 ww capaci ty lLoce- 


and gn nuclear power a8 
nent upse 


BY 4980-81, the 
ar power station of 
km. of the pithead--- and operating at 75% 


conomically competitive with & thermal power | 
capacity 9n¢ operating &t 60% capacity 


prices, * nucle 


tea beyond 1000 
ity factor is © 
of comparable 
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The very basis of these claims is fragile. To start with, 
it involves compering nuclear power with coal-thermal power 
but excludes hy droelectricity. Secondly, it compares nuclear 
unit with coal-fired stations 600,800 or 1000 km. away from 
walbelts, when it is known that such transmitting power is 
considerably cheaper than transporting coal, it is best to built 
the latter at coal pitheads. Particularly objectionable is the 
assumption that nuclear plants will have & Spa Meesignty ‘tala 
of 75 per cent, when historically it has been under 55 per cent 
in this country and only about 25 per cent in the RAPS, the mly 
fall-fledged CANDU station on which theentire DAE programme is 
based.(As far the claim that the long rum huclear power will 
be even cheaper thanks to the upscaling of plants to 500 MW, etc. 
itis a pious hope. The design for the 500 MW reactor exists 
only on paper in the DAE; it is still to reach the Grawing board. 

However, even on all these assumptions, nucleer power is 
demonstrably and decisively dearer than coal-based electricity. 
Nuclear capital costs are roughly Re.23,000 per kw of install ed 
capacity (Rs.17,000 per kw for plant andmachinery, plus another 
Re.6000 per kw for the initial charge of heavy water). Coal 
ughly ebdout Rs.7000 per kw. These figures 


capital costs are ro 


tream in 1987 or 1988, they are 
are for plants that geese 3 


in constant 1983 rupees. Q@dax costs account for about two thirds 


f unit genereting vosts in the case of nuclear stations, but 
0. 


f only @ third to two-fifths in the case of coal stations. 
or 


Thus @ Ke 23,000 kw nuclear plant will generate power at 
us . 
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bout Re.1.50 to Re.2.80 per kwl, depending upon whether the 
apecity is about 70 per cent or about 35-40 per cent. The corres 
ending figure for a coal-fined plant are 60 paise to Rs.1.10 
eise per unit, Rive or take 10 to 90 paise in each case. 

In the most probable case, based on past experience, the 
mapecity factor for the nuclear station will lie closer to the 
vessimintic (35 to 40%) level. Its costs are therefore likely to 
se about Ra. 2 per kwh, whereas in the case of the coal-fired pla 
nt, likely unit costs are about 70 to 80 paise per unit. In case 
ne are considering the more relevant, contemporary thermal size 
of 5OO MW for which indigenous technology exists, the costs 
would be lower by about 10 paise per unit. 

the mont probable unit costs of nuclear power are thus 
two-to two-and—half times those of coal—based power. 


frese calculations are based on extremely aunaenk conservative 


assume that the operation and } 


assumptions. For inatance, they 


maintenance cosis of nuclear atations are lower than these of 


boal-—burning plants, and that the manpower ratio is the same in 


both. This 1s far from true. In reality, the O & M costes of 


are 15 to 20 per 


yr cent in the case of oc 


cent of total generating costs. 


nuclear plants 
oal—thermal units). The 


(only three Pe 
% yatio for the nukes various from three to five 


man-power—me gawat 
while in thermal atations it is about 1.5 to 2.30. Hence the opera 
e much higher. Another reason for this 


the instant need to replace 


ting costes of the nukes 8F 


is their high cost invent opies and 


worn out oF mailfun 


etioning components. The annual spares bill 


= on : 
ean be @s high «5 : 
tg se five or geyen per cent cf the cost of sales. 


Another assumption is thet atomic fuel costs only about FP gs.i1700 


per kg. and has a burn—up of about 7 MW days per kg. In reality, 


the price would be higher. Also the costs of the nukes 


are much higher that are revealed by capital costs, since a 
nuclear plant takes twice as long 40 build as a coalfired sta- 
tion. 

It all this is taken into account and the right corrections 
are made, the cost of ineffectiveness of nuclear power increases. 
Nuclear energy ia three or four times dearer than electricity 
from coal. 

These are only the direct immediate costs of nuclear power. 
If the indirect team costs of the fuel cycle, euch as those of 
sater disposal, decommining or reprocessing (in the recycle case ) 
ere added, the picture looke even more skewed. Waste disposal 
alone would contribute some RKs.6500 per kg. to the cost of fuel 
(Note) and thus raiee it five times over (adding mother 17 or 


18 paise to the unit senereting cost). Decomminging delivers 


enothcr blow, equivalent to 25 to 50 per cent of the capital 
costs of nuclear plants, and hence another 30 to 50 paise to 


their unit generating costs. Add reprocessing (about 26 to125 


per cent to unit costs) and that is another increase of 50 paise 


to a two rupees The total now comes toRe.4 to Rs.5 per unit! 
9) ° 


This ia about ten times the cost of 
4 ting ooel stations. It is alco five to seven times 


eleotricity generated in 


India’s ex 


from a cor l-based plant that would be ready 


higher than power 
87-88) on am the dearer nuke. 


about the same time (19 
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Shocking 4s this is, it is not all. If the hidden costs 

in terms of k & B expenditure incurred so far to develop the 
nuclear power programme —- asouming that as much as half of that 
Can be imputed to causes, including military anes, other then 
researon relevant to all the steps in nuclear power generation 

—- and the infrastructure,zs training aad manpower costs of the 
various establishient under the DAF, are added to these elresdy 
large numbers, they would—well by another 20 to 30 per cent. 

If all the power generated in India were to be priced at 
this cost power level, the country'’seleotricity bill would incre- 
ase ten fold.x¥x or fourteen fold. 

installing 

Even more ominous, the LAE does achieve the target of / 
10,000 MW of nuclear capacity by 2000 AD ka it would goudle 
the power industry's generating costs, although it will only 
eon tribute ten per cent to the total power out put. 

Nuclear power is not only unsafe and environmentally danger- 
it is economically disastrous. It ie much more expensive 


OUs , 


than coal-based power not only in the West, but also and even 


more so in India. fo rephase Bhabha, no power is ag expensive 


as n-power; any other power is preferable to atomic energy. 
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IX — The Politics Of Nuclear Power 


The Hidden Logic of De pendence 


The foregoing makes it plan thai nuclear power is neither 
reliable, nor safe mor even cheep. It is the dirtiest, environ- 
mentally most hazardous and economically not expansive form of 
electricity generation that has ever been commer cialised.The 
claims that the nuclear industry, ani the DAE in particular 
makes in respeot of the safety and economic competitiveness of 
atomic energy are not merely untenable.They show the industry 
to be guilty of the most pernicious form of deception on 
nuclear risks and costs, both economic and énvironmental, 

The shoddy calculations of Ramanna, discussed ‘earlier, 
are an insult to ordinary human intelligence. And yet, they 
are made, reiterated and publicised ad nauseam as the gospel 
truth. Dubious ludicrous assumption constitute the . 
sole basis on which the India scientooracy declare with Olympian 
confieence and monumental arrogance, nuclear power is "inevita- 
ble", that it is the only source... on which we will have to 
fully depend in the future," or, to digress to a Pakistani xka 
variation on the same theme, that it is "simply a matter of sur- 
vival", 

The less fanatical of India's nuclear proponents concede 


usually privately, that atomic energy is costlier than coal- 


eleotrical power 


the price the country has 


but argue that its higher cost is no more than 


had to pay for "self-reliance", for 


» 2 « 
" 
nergy “&ndependence", fro heving to struggle on its own to 
n 
op "the energy source of the future". Thus, delays 
, 


et schedules and h 

En alas overruns are explained as being 
o the conditiond/from collaboration with the DAE in 1974 
wing the Pokhran blast and a ganging up by the London club 


world of nuclear suppliers and exporters) against 


1. Meanwhile the DAE has soldiered on, hold the proponents of 
and is bound to be able to develop the necessery cos t— 
when a genuinely indigenous base 


pment is built by the 


view, 
stiveness sooner or later, 


the manufacture of nuclear—grade equi 


try's own efforts. The struggle for self-reliance thus just i- 


. the high cost of nuclear power. 
more grotesque travesty of the truth. 


yx a form ofpowes 
ittedly the Canadian walkout 


Hothing could be & 
ning can conceivably justif that is ten times 
r than it promised +o be. Adm 


setback for the Indi 


tlie 
' 


years ago was & 


an nuclear programme. But 


n the first place, the DAE was hel plessly 


Lt for the design, construct 


eactors. This dependence 


t was so because, i 


ndent on Canada's AEC ion and com 
g of the CANDU type * 
sic strategy of 
es been the cornerst 


pe 
was built 


sionin 


which 


o the vary ba the nuclear programme of 
CANDU reactor ha one. What is worse, this 


Canad 


jan natural » heavy water reac- 


day, fully ten years after Pokran. 


MAPS, Naro- 


endence on the 
ontinues to this 


~model ¢ 
8 eantaal aspects, the DAE'sdesign for the RAPS, 
all of the ten reactors to which 


jons ~~ or 


and Kakraper atat 
an exact repli 


is committed -— is 


oa of the Canadian Douglas 
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ee a 
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int plant, incidentally, the worst performing of Canada's and 
} world's natural uranium fuelled power stations besides RAPS, 
course. In Canada, this design was significantly altered in the 
ft generation of layer pickering 4 x 516 MW and Bruce (4x750 MW) 
ketors. In fact the pickering project was launched, with the modi~ 
9d design, in 1962, a year before the completion of constuction 
Douglas Point and about the same time as RAPS-I's erection began. 
In India not one serious basic-level modification has been 
fected in the Douglas Point design. From the fuel geometry, 
ough the reactor configuration and physics and the coolant system 
rameters to the dimensions of the crucial components and most of 
e control system design everything essential remains unchanged. 
| sg made in MAPS rete to the *sonventional” side and 
not the reactor.this is basically true of 


ce, some inor modifications of the 


e only change 
e electrical systems, 


rora as well, where for instan 


mndations (civil engineering works) and containment system have | 


en made. The only post- RAPS change has been the “up-rat ing" of 
le racter power level by simply increasing the flow primary heat | 


ansport system (PHT) flow. and 4 slightly different mterial 


resure tubes (at Narora). 
rconium-Niobium for Pp vt 
xe tube diameters or 


pres 
gk, whether it is presex 


For the re 
or inlet and outlet temperatures of 


per of channels 
coolant the reactor a 


about the simplest, thoug 
cent rise in net 
"new react 


per reactor, 
esign is {dentical.The PHT flow increase 


bh not & reliable ,way in which to 
power from 2#3 MW to 220 MW — 


tain a 10 per 
or design" has & rating of 


4 thus to claim that the 


5 Mw (gross). 


as: a 
stagnation continues 20 years after RAPP wes launched in 
end the Pickering series commenced in Canada.The DAE has 

} even begun to draw up a detailed design for the 500 MW 

» (which may have a seale-economy of about 10 to 15 per cent) 
jpute as to whether it is BARC's or PPED job is yet to be 

od. It will take years even when the wrangle is ended before 
sign can be properly evaluated and finalised. 

panwhile, the DAE is reering round to the idea of imparting 
reactors and power stations in the 400 to 500MW range. 

a justifies this on the absurd ground that importing @ nucol- 


setor is no different from importing a coal fined thermal 


on. Of course, it is. Coal-electrical stations do not pr odu- 


Nor do they consume fissile material that can be 
s of reactors using enriched 


tonium.. 


o make weapons. If not import 


m (which India does not have the capacity to produce) can be 


4thout accepting onerous safeguards and paying & heavy poli- | 


of naturel uranium — heavy water system 


safeguards %t382 attached to drums containing| 


price, none se are 


‘le without & huge 


4ter either. 

he Indian governments experie 
4 with the USSR over the heavy 
of this qmpossibility- 
Soviet Union refused to di 
heavy water deal. And the 


noe with the US in fArapur ‘s 
water imports of the seven- 


s clear proof Despite its friendly 


fons with India, ¢ he 
uity and pursuit olause 


tangle ie %00 well-known t 
s will constitute 


‘lute the 


g on the 
o need another mention. 
eacto 
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ee On the goal of self reliance which, 
self tem—-tomed for long. Any resort to 
actor imports, even as a vemporary measures as in Tarapur's 
se will tend to compromice this country further in relation to 
he dominant nuclear suppliers and intensify its dependence on 
em. Its political implications are grave. 

But the very mention of reactor or station imports after 
ousands of crores of rupees have been sunk into subsidising 
e DAE, is an implicit recognition of that department's failure 
a4 ineapacity to absorb, master, implement and develop nnder 
chnology. An import deal would at once constitute the most 
athing political indictment of the DAE. 
And yet, there is reason to believe that the recognition of 


.e DAE's failure will remain entirely silent — just as did its 


ny infirmities which compelled it to retreat time and again 


rom theenergy independence objective. 


The entire atomic programme of the country has always assumed 


pts in strategic matters. Some kind of ' coopera- | 


ppendence -— exce 
ion’ or foreign collabo 
r the DAE. Apsara, India's first research reactor 
4 uranium supplied (also fabricated) by the U.K. 

(40 MW (thermal), centered 1960) from which 
was designed by AECL, 


ration and aid has remained axiomatic 
1956 


ed enriche 


an was extracted, 


utonium used at Pkhr 
supplied by the Americans, from whom 


anada, and used heavy water 
the last two latters of 
Tuticorin an 


the acronym. 


+ derived 
4 faleber heavy water plants 


Again, the Baroda, 
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~~ 
re designed or erected by W.European consortis/firms. The very 

et that the DAE had not sterted planning for heavy water produc- 
on some five years after the Rajasthan power project was launched 
ints to the strength of the dependence axion. 


I 
+ must be conceded right away that the various collaborations 


ve not involved nor always led to completely skewed forms of 


jpendence, in which India would be the loser. Just the contrary 


. true of the early period of collaboration, during which the DAE 


de some gains in acquiring femiliarity with atomic energy with- 


ut paying a heavy or even corresponding price for them. But after 


okhran the balance shifted decisively and aggressively against 


he DAE and this shift meant that it would not be able to build 


n its past geins. Secondly, these 


eastering of the technology or furnishin 
Tre nature of the collaboration 


a4 tech- i 


geins never amounted to @ 


g of the basis for doing 


o in the proximate future. 


rrangement that the DAE opted for, the particular, limite 
ology choices 44 made within them, and its generally week (es- 


after 1974) par gaining power, all ensured that it wold 


pecially 


f the world’s big laggards in nuclear technology in 


f the biggest spenders of resources on atomic 


is remealed in @ particularly amplified form in 


for lon 


This 182 


, anised a8 the Achilles 
dia's heavy water g organis 


projects, 
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pciaseic etudy in technology bungling and SO 


their inception, (Baroda 197 
— RGRRIREER Se it Tuticorin 1978, Tauher? and 

3 ed at an aggregate capacity of 
than ten per cent! Nothing suggests that any of them has fully 
lised or is likely to do so in the immediate future. 
ne technology they employ is either too sensitive to the 
ty or purity of the impact or too hastily industrial ised with- 
dequate testing and sealing up and too hazardous for it to 


satisfactorily. The HWPs ‘have had a long and disturbing 


ry of accidents, breakdowns and near-collapsing. 


) 


The DAE has 211 but despaired of rectification of the xem 


fous faults of the plants or of linking than to the unreliable 
» and power supply from its station. It hes now opted for heavy 
, plants (based the Kota design) with their own capture power 

The first one of these to be located at Manuguru in Andhra, | 


kB. 
8.422 crores with a foreign exchange comp- 


aost a frightful R 


t of Rs.5O0 crores. 


work at some respectable level of capacity use, 


pwards of Rs.15,000 a Kg. 
national price that 


ed lease rate 


Even if xx die 
heavy water at a cost u 
g about five times the 
power projects & go-call 


411 produce 


3 rupees). This i 
DAE assures in charging 


heavy water. 
It is significant that the foreign exchange component for 


e new HWwPs should continue to be high, 86 great as 54 per cent 


+ now under oonetruction. This 


the Thal-Vashet plan 
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ho a ; 
howe that the DAE cennot break the vicious circle of 
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ace. Indee 
eed it should not be expected to do so. Its pre mis- 
too deeply rooted lg pee pte. : 
y rooted in/the logic of dependence for it to be 


Oo + 
do so. Dependence is only one component of the politicel 


f nuclear power. The other is related to the unsonseicusa- 


h specifio weight of the DAE in the entire energy an d 


ment planning apparatus of the country. Its status, as the 


overnment of India, and also 


part of the scienti- 


‘ivileged department of the zg 
53% closed secretime and bureaucratised 
has put at way above public 
of money 


i technology establishment, 


ny. with their unquestioned access to vast sums 
r exalted position in the maax hierarchy 
close 


ner resources, thei 
administrators and their gorce / 


a's scientific brahmins and 
with the military establishment, the DAE's top officials 


vast powers to decide what energy choices this 


cumulated 
DAE does not, 


ry ought to make and at what and whose cost. The 
o the public and by and large even 


her itself accountebly + 


leave alone its employees. 
cnown for their abiding 


This concentration of 


rliament, 
hands of men who are 


inion, indeed for 


n of & democratic 
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ation within it. It can only strengthen political 

is is a reactionary consequence,fer any idea of democrecy 
“ not journalist. It can only open up yet another 
Loning prospect, that of the despotism of the scientific 

in, the absolutions of the ‘“experts" the unchallenged rule of 


nowle dge of the atom. 
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A Requiem F or The Nuclear Dream 
The Bleak Future Of Atomio Energy 


This returns ue to Bhabha’s grand nuclear ener éy plan, 
most comprehensive, ambitious and expensive effort ever 
nched with the objective of effecting 4 transoformation of 


lian Society by means of technology. 


The plan was conceived in the early years of Independence 


three steps, logically leading from the one to the other: 


‘st, build "duel—pur pose" natural uranium fuelled reactors 


generate power as well as produce plutonium from reprocessed 


+ \Secons; + feed the plutonium into fast breeder reactors 


plutonium and, eat the same time 


u-233. And third» construct 
vast, potentially 


produce more power, more 
irradiate thorium to produce 


933/thorium beeder reactors to generate 
f£ electricity for hundreds of years. 


Limited quantities 0 
abundance -— 2 lakh MW and all the 
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stand nuclear plan, reveal the 
1 the fundamentally | 
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c's entire plan, 
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Ix is possible t 
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It is 
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| nowever impossible 
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¢ these fuults- 
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4 the reassertion today of the original faith, with any 
y -- not after two decades of experience of nuclear power, 
lly not with our present knowledge of its norrendous safety, 
_ of its ineliminable haserds and its doomed economies. Ie i 
late in the day for that. It is equally impossible not %o 
ne sheer cynicism and duplicity ~~ 8&8 distinet from the 
» and optimism of their predecessors — of those who make 
ssertion. 
ut does nuclear power have a future? It seems extremely 
ely. As we know it, and as it ie developing today, atomic 
/ based on thermal (moderated) neutrons poses innumereble 
as well as an unacceptabie economies. Host of 
of the technology itself. 


, problems 
problems orkginate in the nature 
rates within itself vast quantities of energy 

the case of the nuclear reactor, which 


tom concent 


fission releases in 
t 


into electricity, via steam. 


ssarily far more expensive in relction 


far more elaborate and 


rts just about a third of it 


uclear reactor is nece 


~electrical plants. It is, must be, 


hes to deal with huge and 
capital goods imput 8B, costiier 


eX, because it often unpredictable 


se of energy} 4% needs more 
and devices, more expensive inetrumentation 


pe with high energy 
standard (and less expensive) 


jals me thods 
in and eorrosion which 


controls %° @o 
ot be eontained in ordinarys 
pressure, high tempe 
4er- Their oo 


Te more el 


rature equipment. wuclear grede cam pone n- 


+ of replacement or of maintenance, 


re cost 


von higher. 


aborate the steam production syetem, th 


SAKELS the 
more precarious the numeroue equilibria it must main- 


tain, the dearer it will be. Any, compromise on expenses necessar- 
ily makes the system uneafe. 

Secondly, because an incident in a nuclear plant is more like- 
ly and much more powerful in ite impact, the plant must have more 
elaborate systems for warning, alarm shutoff, dousing, core cooling 
emergency control and (physical) contaminant (the dome) etc. This 
necesserily entails considerbly higher costs, which cannot be off- 
set by the low (often politically rigged) price of uranium fuel, 
since thie forms a very component of total generating 
expenses. But here another contradictory phenomenon comes into 
play. The greater the "peraphernalia" of safety devices, the more 
elaborate or complex the safcty system gets, the lower its relia- 
bility. In general, reliability decreases beyond a certain point 
with syatem complexity and s compromise (trade off) is reached in 


practice, wuich usually leaves mony safety problems untouched or 


only partly resolved. Thus, in prectice, the reactor becomes much 


costlier but only merginally less ungare. 


fhe other clutch of intrectable problems focusses primarily on 


safety: radioectivity relees«s and exposure to tozins at each 


etage of the fuel cycle. ‘he worst of these relates to high-level 


“wastes” in apent fuel. Not only is there no golution in sight for 


but there may not be one at all. 
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No known material devised 
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by human effort can kee 
f are, till the wastes stop seething with radioactivity. No 
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cal formation can etore than safely. 


known geolces 
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Pping th 4.05, nuclear technolovy jumped the gun, quite 


iiteraliy. Its proponents presumed that all the probleme associated 

: with ti it would be colved for there can be no insolublerm cblems, 
The success of the technology was proved though and in destruction. 
It was created to destroy. Himanty's actual experience with atamic 
fission does not suzgest that it ie viable ae 4 source of commercial 
energy. 

Clearly, if neither the basic limitations of the technology no: 
ite past performance justify the theéis of inevitability necessar- 
fly for desirability of nuclear gex power, what, except an abunda- 
mee of Pure Faith and unfounded hope, cun do so? The feith has 
many dimensions and components. An importent one ti” underlies 
the assertion tht the problems the nuclear power bristles with 
ean and will somenow ve colved ane day. With experience and once 
the hump in the “ieerning process" is erossed, eapital and genera- 
ting costs will fell. in reality, just the opposite is true. In 
the U.S. which has hed the largest experience with atomic energy, 
the "leaving effeot" is remerkatly week (Kumenoff, 2.20-21). 
Inflation sdjusted nucies: costs heve tencjec sil over the werld to 
xises not fuel, with time — sac due not ony to increasingly 
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